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COMMITTEE   REPORTS  AND 
DISCUSSIONS 


REPORT  OF  COMMITTEE  XV.— ON  IRON  AND  STEEL 
STRUCTURES. 

(Bulletin  130.) 

I'o  the  Members  of  the  American  Raihuay  Engineering  and  Maintenance 
of  IVay  Association: 

The  following  report  is  respectfully  submitted : 

Your  Committee  on  Iron  and  Steel  Structures  held  a  meeting  at 
Buffalo,  N.  Y.,  on  January  4  and  5,  191 1,  the  following  members  being 
present : 

C.   H.   Cartlidge,   Chairman ; 

A.  J.  Himes,  Vice-Chairman ; 

J.  A.  Bohland, 

C.  L.  Crandall, 

A.  F.  Robinson, 

I.  F.  Stern, 

F.  E.  Turneaure. 

The  subjects  assigned  to  your  Committee  for  consideration  this  year 
were  as  follows : 

(i)     Revision  of  Manual. 

(2)  Report  findings  on  effect  of  impact  on  bridges. 

(3)  Recommend  specifications  for  bridge  erection. 

(4)  Report  on  secondary  stresses. 

(5)  Report  on  influence  of  theory,  experiment  and  experience  on 
bridge  design. 

(6)  Rules  for  instruction  and  guidance  of  inspectors  in  mill,  shop 
and  field. 

(7)  Make  concise  recommendations  for  next  year's  work. 

(8)  Make  definition  of  the  word  "culvert"  as  distinguished  from 
■'bridge." 

In  addition,  the  chairman  was  advised  by  the  Board  of  Direction 
tc  hold  a  joint  meeting  with  the  Roadway  Committee  for  the  purpose 
of  reconciling  the  specifications  for  clearances  in  bridges  and  tunnels. 
This  meeting  was  held  on  December  30,  1910,  in  Chicago.  Your  Com- 
mittee reported  to  the  Board  that  it  would  recommend  the  insertion,  in 
paragraph  2  of  the  specifications  for  Iron  and  Steel  Structures  as  printed 
in  the  edition  of  1910,  after  the  word  diagram  in  the  second  line,  the 
following,  "the  height  of  rail  shall,  in  all  cases,  be  assumed  as  6  in." 

In  the  case  of  Subject  (i),  your  Committee  has  no  changes  in  the 
specifications  to  recommend,  except  that,  as  printed,  there  arc  certain 
typographical  errors  as  follows : 

In  paragraph  50,  second  line,  cliangc  "ronnocfion"  to  "cniuicctions." 
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10  IRON    AND    STEEL    STRUCTURES. 

Ill  paragraph  53,  third  line,  cliange  "section"  to  "sectional." 

In  the  second  part,  Material  and  Workmanship,  paragraph.  86,  in  the 
last  line,  column  headed    "Rivet  Steel,"  change  185  degrees  to  180  degrees. 

In  paragraph  97,  in  tiie  last  line,  change  paragraph  84  to  paragraph  86. 

In  paragraph  109,  in  the  first  line,  change  "casting"  to  "castings." 

In   paragraph    138,   in   the  third   line,   change   "borings"   to   "boring." 

Subject  (2)  :'in  Appendix  "A"  will  be  found  a  report  by  the  chair- 
man of  the  Sub-Committee  on  Impact,  covering  the  work  which  has  been 
done,  and  which  is  proposed  to  be  done  during  the  coming  season.    . 

In  Appendix  "B"  is  a  report  from  the  Sub-Committee  on  Impact, 
concerning  secondary  stresses. 

In  Appendix  "C"  we  submit  specifications  for  bridge  erection. 

The  time  at  the  disposal  of  the  Committee  has  not  been  sufficient 
to  make  a  proper  report  on  the  other  subjects  put  before  it,  and  it  is 
requested  that  they  be  referred  back  to  the  Committee  for  further  con- 
sideration. 

With  regard  to  next  year's  work,  your  Committee  would  suggest  the 
employment  of  a  reporter  on  subjects  connected  with  design  and  main- 
tenance of  steel  structures,  whose  duty  it  will  be  to  collate  reports  of 
prime  interest  and  report  them  to  the  Committee,  as  information,  which, 
after  being  considered  and  passed  upon,  may  be  laid  before  the  Asso- 
ciation to  be  printed  in  Bulletins,  so  as  to  be  accessible  to  the  member- 
ship. The  cost  of  this  work  will  be  small  and  it  is  believed  the  work 
will  be  of  great  value. 

The  Committee  recommends  that  a  study  of  the  design  of  large 
columns  be  taken  up,  and  suggests  that  collaboration  with  an  existing 
joint  committee,  appointed  for  the  same  purpose,  would,  perhaps,  bring 
about  valuable  results. 

CONCLUSION. 

Your  Committee  recommends  the  adoption  of  the  Specifications  for 
P>ridge  Erection  for  publication  in  the  Manual. 

Respectfully  submitted, 

C.  H.   Cartlidge,  Bridge   Engineer,   Chicago,  Burlington  &  Quincy   Rail- 
road, Chicago,  111.,  Cliairman. 

A.  J.   HiMES,   Engineer   Grade   Elimination,    New    York,    Chicago   &    St. 
Louis  Railroad,  Cleveland,  O.,  Vice-Chairman. 

J.  A.  BoHLAND,  Bridge  Engineer,  Great  Northern  Railway,  St.  Paul,  Minn. 
Charles  Chandler,  Bridge  Engineer,  Chicago  Great  Western  Railroad, 

Chicago,  III. 
C.  L.   Crandall,  Professor  of  Railway  Engineering,   Cornell  University, 

Ithaca,  N.  Y. 
J.  E.  Greiner,  Consulting  Engineer,  Baltimore,  Md. 

B.  W.  GuppY,  Bridge  Engineer,  Boston  &  Maine  Railroad,  Boston,  Mass. 
Chas.  M.  Mills,  Consulting  Engineer,  New  York,  N.  Y. 
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C.  N.    MONSAKKAT.    Engineer    of    Bridges,    Canadian    Pacific    Railway, 

C.    TZ:L%.-..i    Engineer.    St.    Louis    Southwestern    Railway.    St. 

A   F^^RoBrnt"  .  Bridge  Engineer,  Santa  Fe  Railway  System.  Chicago,  111. 

C    C    Schneider    Consulting  Engineer.   Philadelphia,   Pa. 

L   R    Stern    Engineer   of    Bridges,    Chicago   &    Northwestern    Railway, 

F.  e";a"U  Dean,  College  of  Engineering,  University  of  Wisconsin. 

Madison,  Wis. 
J.  R.  WORCESTER,  Consulting  Engineer,  Boston,  Mass.^  Committee. 


Appendix    A. 

REPORT  OF  SUB-COMMITTEE  ON  IMPACT, 
(Bulletin  125.) 

Your  Sub-Committee  on  Impact  presents  herewith  a  report  cover- 
ing the  work  of  the  past  three  years.  This  report  is  not  to  be  consid- 
ered a  final  one  upon  the  subject,  but  the  experiments  which  have  been 
conducted  have  been  fairly  comprehensive  except  for  long  spans,  and 
it  is  the  intent  of  the  Committee  to  present  a  report  which  shall  include 
a  full  account  of  the  tests,  the  detailed  results  and  such  a  discussion  of 
the  same  as  appears  to  be  warranted  at  this  time.  Results  of  other 
tests  have  been  briefly  noted  but  are  not  discussed.  The  subject  of 
secondary  stresses  has  not  been  touched  upon  further  than  to  present 
a  few  typical  results  obtained  as  incidental  to  the  main  experiments. 

The  Sub-Committee  is  not  prepared  at  this  time  to  recommend  a 
formula  for  general  use  in  specifications.  It  has  seemed  proper,  how- 
ever, in  presenting  the  results  of  the  tests  which  have  been  m.ade,  to 
express  the  law  of  maximum  impact,  as  thereby  developed,  by  a  for- 
mula, and  this  has  been  done.  It  should  be  noted  that  the  impact  per- 
centages herein  discussed  relate  to  the  variations  in  the  axial  stresses 
in  the  members,  and  do  not  include  the  element  of  secondary  stress. 
The  few  results  on  secondary  stresses  noted  herein,  as  well  as  measure- 
ments of  such  stresses  by  other  experimenters,  indicate  that  they  are 
very  important  and  require  careful  consideration  in  the  selection  of 
working  stresses  used  in  design.  The  element  of  secondary  stress  may 
or  may  not  be  included  in  a  single  formula  with  that  of  impact.  This 
is  a  question  which  must  be  considered  in  making  recommendations  of 
an  impact  formula. 

Respectfully  submitted, 

F.    E     TURNEAURE, 

C.  L    Crandall, 

C.  H.  Cartlidge, 

C.  C.  Schneider, 

Sub-Committee  on  Impact. 
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SECTION   I.     ACCOUNT   OF  THE  WORK  OF  THE   SUB- 
COMMITTEE. 

I.     ORGANIZATION    AND    HISTORY    OF    THE    WORK. 

The  importance  of  the  subject  of  impact  and  the  lack  of  adequate 
information  on  this  subject  has  been  the  cause  of  frequent  discussions 
in  this  Association,  and  especially  in  its  Committee  on  Iron  and  Steel 
Structures.  Partly  as  a  result  of  these  discussions,  but  largely  by  reason 
of  the  interest  shown  by  the  individual  members  of  this  Committee,  the 
chairman  of  your  Sub-Committee  undertook  to  construct  an  extenso- 
meter  especially  designed  to  make  tests  on  structures  in  service  with 
especial  reference  to  the  effect  of  moving  loads.  This  instrument  was 
described  at  the  annual  meeting  of  the  Association  in  1907  and  a  few 
diagrams  shown  which  were  obtained  from  it.  On  recommendation  of 
the  Committee  on  Iron  and  Steel  Structures  made  at  that  meeting  the 
Board  of  Direction  authorized  the  soliciting  of  subscriptions  from  rail- 
road companies  to  defray  the  cost  of  the  construction  of  a  number  of 
such  instruments  and  of  an  extensive  series  of  tests.  Pursuant  to  this 
action  a  fund  of  $5,631.74  was  shortly  subscribed  by  a  large  number  of 
roads  and  the  work  authorized.  A  Sub-Committee  was  appointed,  con- 
sisting of  Messrs.  F.  E.  Turneaure,  C.  L.  Crandall  and  C.  H.  Cartlidge, 
to  conduct  the  experiments. 

The  construction  of  the  instruments  was  undertaken  at  the  shops 
of  the  Engineering  Department  of  the  University  of  Wisconsin  and 
eight  were  completed  in  time  to  permit  of  a  short  period  of  field  work 
during  the  summer  of  1907.  With  these  eight  extensometers  and  a 
deflectometer  loaned  by  the  University  of  Wisconsin,  experiments  were 
conducted  for  a  period  of  about  four  weeks,  the  field  party  consisting  of 
the  members  of  the  Sub-Committee,  assisted  by  Messrs.  W.  S.  Kinne 
and  E.  E.  Parker,  of  the  University  of  Wisconsin ;  Donald  Derickson, 
of  Cornell  University,  and  A.  D.  Stewart,  M.  E.  A  progress  report  of 
the  results  of  this  season's  work  is  contained  in  the  Proceedings  for 
1908    (see  Vol.   9,   pp.   222-234). 

During  the  season  of  1908  the  experiments  were  continued,  twelve 
extensometers  being  available  at  this  time.  The  Sub-Committee  was 
enlarged  by  the  addition  of  Messrs  C.  C.  Schneider  and  J.  C.  Bland. 
About  nine  weeks  were  spent  in  the  field,  the  party  consisting  of  Messrs. 
Turneaure  and  Crandall,  of  the  Sub-Conmiittee,  assisted  by  Messrs. 
W.  S.  Kinne,  E.  E.  Parker,  O.  L.  Kowalkc  nnd  J.  B.  Kommcrs,  of  the 
University  of  Wisconsin,  and  A.  C.  Irwin  and  E.  W.  Rettger.  of  Cor- 
nell University.  The  work  of  this  season  concluded  the  field  work  as 
planned,  but  it  was  found  impracticable  to  digest  the  great  mass  of  data 
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16  IMPACT  TESTS. 

and  present  a  final  report  in  time  for  the  meeting  of  1909.  It  was  also 
found  that  the  funds  on  hand  were  insufficient  to  provide  for  such  a 
study  and  tabulation  of  the  data  as  was  desirable.  At  the  request  of 
the  Committee  on  Iron  and  Steel  Structures,  at  this  meeting  the  Board 
of  Direction  proceeded  to  solicit  further  contributions,  the  result  of 
which  was  the  contribution  of  an  additional  fund  of  $4,206.10  A  list 
of  contributors  will  be  found  on  pp.  48-50. 

During  the  past  year  a  few  supplementary  tests  have  been  made  on 
a  long  span  bridge  at  Bellefontaine,  Mo.,  but  the  work  of  the  Sub- 
Committee  has  been  mainly  confined  to  the  reduction  and  analysis  of 
the  data.  They  herewith  present  their  final  report,  which  concludes  the 
series  of  experiments  provided  for.  Ten  of  the  extensometers  are  the 
property  of  the  Association,  the  other  two  belonging  to  the  University 
of  Wisconsin. 

The  total  expenditures  to  date  have  amounted  to  $7,167.62.  This 
money  has  been  expended  mainly  for  railroad  fare  and  other  traveling 
expenses,  salaries  of  assistants,  and  apparatus.  Members  of  the  Sub- 
Committee  have  been  reimbursed  for  their  traveling  expenses,  but  have 
contributed  their  time  gratis  to  the  work.  The  expenditures  have  been 
distributed    as    follows : 

EXPENDITURES. 

Railroad    Fare $1,307.88 

Other    Traveling     Expenses 1,295.69 

Salaries   of  Assistants 3,026.95 

Cost   of   Instruments 1,091.38 

Supplies,    Expressage    and    Incidental    Expenses 445-72 

Total   Expenditures    to   date $7,167.62 

Amount    of    Fund $9,837.84 

Amount  Expended  to  date 7,167.62 

Balance   of   Fund   on   hand $2,670.22 

2.     INSTRUMENTS   EMPLOYED. 

The  deflectometer  used  was  the  same  as  was  employed  in  experi- 
ments described  in  the  Transactions  of  the  American  Society  of  Civil 
Engineers,  Vol.  41,  p.  411.  The  instrument  itself  is  fastened  to  the  bridge 
and  connection  to  the  ground  is  made  by  means  of  a  wire  attached  to 
a  heavy  weight  placed  underneath  the  instrument.  At  the  upper  end 
this  wire  is  made  fast  to  the  recording  mechanism  of  the  instrument, 
and  the  motion  is  by  this  mechanism  multiplied  by  two.  The  movement 
produced  is  recorded  by  a  pencil  upon  a  moving  strip  of  paper.  The 
apparatus  is  very  compact  and  can  be  readily  fastened  to  any  horizontal 
projecting  plat«  or  to  a  vertical  flange.  The  instrument  is  illustrated 
in  Fig.  I. 
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Fig.     I.      DEFI.ECTOMETliU. 

(From    Trans.   Am.   Soc.   C.   E.,  Vol.    41) 
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The  extensonieter  is  also  an  autographic  instrument,  the  deforma- 
tions being  multiplied  by  a  factor  of  about  50  and  recorded  upon  a  mov- 
ing strip  of  paper.  Fig.  2  is  a  drawing  of  the  complete  apparatus  and 
Fig.  3  is  a  view  of  the  recording  mechanism.  The  frame  of  the  latter 
part  is  clamped  to  an  eye-bar  or  angle  and  another  clamp  is  attached 
to  the  same  member  at  a  distance  of  about  four  feet  from  the  first 
clamp.  The  latter  clamp  is  connected  to  the  recording  apparatus  by  a 
light  rod  and  a  universal  coupling.  In  Fig.  2  it  is  seen  that  there  are 
two  clamps  at  the  instrument;  the  one  at  the  left  is  rigid  while  the 
other  is  pivoted  so  as  to  allow  of  a  slight  rocking  motion.  A  similar 
arrangement  is  made  of  the  two  jaws  of  the  clamp  at  the  outer  end  of 
the  connecting  bar.  In  the  interior  of  the  apparatus  is  a  rod  running 
from  the:  long  connecting  rod  to  the  short  end  of  a  lever,  on  which  it 
has  a  knife  edge  bearing.  The  long  end  of  the  lever  carries  the  pencil, 
which  records  its  movements  upon  a  traveling  strip  of  paper  driven  by 
a  train  of  clockwork.  This  lever  is  made  of  aluminum  so  as  to  be  as 
light  as'  possible,  and  is  also  very  stiff.  The  clockwork  is  controlled  by 
an  electric'  circuit,  thus  enabling  all  of  the  instruments  to  be  started 
and  stopped  simultaneously,  if  desired. 

The  results  obtained  from  these  instruments  were,  on  the  whole, 
satisfactory.  The  deflectometer,  being  a  simple  apparatus  and  with  a 
low  rate  of  multiplication,  gave  very  reliable  results.  In  the  case  of  the 
extensometers  the  results  obtained  on  such  members  as  stringers  and 
short  span  girders  were  frequently  of  little  value  on  account  of  the 
vibrations  produced  in  the  instrument  itself  when  subjected  to  the 
jarring  action  noticeable  in  such  cases.  Such  effect  sometimes  occurred 
also  on  eye-bars,  due  to  the  vibration  of  the  bar  itself.  In  other  situa- 
tions, however,  the  results  were  generally  satisfactory  and  reliable  within 
the  limits  to  be  expected  of  such  an  apparatus.  Typical  records  of  the 
kind  here  referred  to  are  noted   further  on. 

The  illustration  of  the  instrument  shows  a  length  of  four  feet 
between  the  fixed  clamps.  This  distance  was,  however,  not  a  fixed  dis- 
tance, but  was  varied  somewhat  by  means  of  an  adjustable  rod  to  suit 
the  convenience  of  attaching  the  instrument  to  the  bridge  member.  The 
exact  distance  was  measured  and  recorded  in  each  case. 

The  multiplication  ratio  of  each  extensometer  is  given  in  the  cali- 
bration Table  No.  i,  together  with  the  calculated  value  of  the  stress 
per  square  inch  corresponding  to  a  one-inch  ordinate,  assuming  a  modu- 
lus of  elasticity  of  30,000,000  lbs.  per  sq.  in.  and  a  length  of  4  ft. 
between  the  fixed  clamps  of  the  instrument. 

3-     STRUCTURES    TESTKD    AND    RAII.RO.'VDS    ASSISTING   IN    THE    WORK. 

In  determining  upon  a  program  of  work  it  was  assumed  at  the 
f-'utset  that  the  desired  results  could  be  secured  only  by  the  use  of 
specird  test  trains  which  could  be  available  for  several  hours  at  any  par- 
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Fig.  3.     (From  Eng.   News.) 
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ticular  structure.  To  depend  upon  trains  in  regular  traffic  would,  for 
several  reasons,  have  been  impracticable.  This  requirement  involved 
large  contributions  in  the  viay  of  track  and  train  service  on  the  part  of 
the  railways  assisting  directly  in  the  work.  However,  the  Committee 
takes  much  pleasure  in  recording  the  fact  that  during  the  three  years 
over  which  the  experiments  have  been  extended,  the  facilities  offered 
by  various  railroad  companies  have  been  much  greater  than  could  be 
utilized,  and  desires  to  extend  its  thanks  to  the  many  ofificials  who 
have  shown  so  large  an  interest  in  this  work.  Limitations  of  time,  con- 
venience of  location  and  the  nature  of  the  structures  available  led  finally 
to  the  carrying  out  of  tests  on  the  following  roads :  Illinois  Central : 
Chicago,  Burlington  &  Quincy;  Chicago,  Milwaukee  &  St.  Paul;  Chicago, 
Rock  Island  &  Pacific;  New  York,  Chicago  &  St.  Louis;  Atchison, 
Topeka  &  Santa  Fe ;  Pennsylvania  Lines ;  Norfolk  &  Western,  and  New 
York  Central.  In  all  cases  these  roads  furnished,  free  of  charge,  a 
special  test  train  and  all  needed  assistance  in  the  way  of  laborers  and 
mechanics.  Every  effort  was  made  to  facilitate  the  task,  and  the  thanks 
of  the  Committee  are  due  the  several  managements  for  the  valuable 
courtesies  extended. 

The  number  and  kind  of  structures  tested  included  21  plate  girder 
spans  and  24  truss  spans,  classified  as  to  length  as   follows : 

Plate  Girders  :  No.  Tested. 

Under  50  feet 7 

From  50  to  75  feet 8 

From  75  to  100  feet 6 

Truss  Spans : 

Under  100  feet  i 

From  100  to  150  feet 12 

From  150  to  200  feet 6 

From  200  to  250  feet 3 

Over  250  feet 2 

The  location  and  character  of  the   several   structures   are   fully   given   in 
Tables  2  and  3  and  by  the  skeleton  diagrams  on   Plates  la,  b,  c,  etc. 

4.     TEST   TRAINS. 

The  test  train  used  in  each  case  was  made  up  of  a  selected  type 
of  locomotive,  followed  generally  by  a  sufficient  number  of  loaded  cars 
to  cover  the  span.  Long  trains  were  not  used  for  the  reason  that  it 
was  desired  to  secure  speeds  as  high  as  practicable.  By  the  arrange- 
ment adopted,  speeds  of  60  miles  per  hour  or  over  were  generally 
obtained  even  with  freight  locomotives.  In  some  cases  loaded  cars 
were  not  used,  but  only  a  caboose,  or  coach  and  caboose,  following  the 
locomotive.  In  these  cases  the  results  would  have  been  little  affected 
by    a   heavier    load.     Data    relative    to   the    locomotives    and    test    traini 
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used  are  given  in  Tables  4  and  5.  The  data  relative  to  weight  of  over- 
balance are  important.  The  weights  given  were  obtained  from  the  engfi- 
neering  departments  of  the  several  railroad  companies  and  represent  in 
each  case  the  excess  weight  over  and  above  the  weight  necessary  to 
counterbalance  the  rotating  parts,  and  calculated  as  at  crank-pin  center. 
The  Committee  was  fortunate  in  being  able  to_use  several  balanced 
compound  locomotives  for  the  tests.  These  types  afforded  a  very  valti- 
able  comparison  with  the  usual  simple  or  ordinary  compound  locomotive. 

5.     GENERAL    METHOD   OF   CONDUCTING   THE   TESTS. 

In  the  case  of  truss  bridges  it  was  the  aim  of  the  Committee  to 
secure  data  relative  to  the  deflection  at  or  near  the  center  of  the  span, 
and  the  deformations  in  all  the  various  kinds  of  members.  With  the  12 
extensometers  in  use  it  was  possible  to  cover  the  various  kinds  of  mem- 
bers reasonably  well  with  a  comparatively  few  changes  of  instruments. 
Generally  the  tests  on  the  upper  and  lower  chords  were  confined  to  one 
panel,  but  in  most  cases  at  least  two  of  the  eye-bars  composing  a  chord 
member  were  tested.  The  same  thing  is  true  of  diagonal  members  com- 
posed of  eye-bars.  In  carrying  out  the  tests  the  train  was  headed  in 
the  more  favorable  direction  for  speed,  and  was  moved  back  and  forth 
over  the  structure  at  various  rates  of  speed.  Such  speeds  were  selected 
as  to  cover  fairly  the  range  from  about  20  miles  per  hour  to  the  maxi- 
mum attainable.  A  few  movements  were  made  at  from  10  to  15  miles 
per  hour.  Little  difference  was  noted  in  the  results  at  various  speeds 
below  IS  miles  per.  hour,  and,  in  general,  the  results  at  10  miles  per 
hour  may  be  considered  as  practically  equal  to  static  stresses.  The 
speed  of  the  train  was  determined  by  the  use  of  stop-watches  and  sig- 
nals made  by  observers  stationed  at  the  ends  of  a  500-foot  base  line. 
(In  the  case  of  very  high  speeds  a  i,ooo-ft.  base  line  was  used.)  The 
locomotive  was  generally  working  steam  when  crossing  the  span,  but 
in  some  cases  it  was  not.  Differences  in  this  respect  caused  no  notice- 
able differences  in  results,  so  far  as  the  field  observers  were  able  to 
judge,  although  this  point  was  considered  mainly  with  respect  to  the 
higher  speeds. 

A  considerable  variation  in  weight  of  tender  would  occur  during 
a  series  of  tests,  due  to  variation  in  amount  of  water  and,  coal  present. 
To  allow  for  this  effect  a  slow-speed  test  was  generally  run  just  before 
and  just  after  taking  water,  in  order  to  secure  records  for  "static" 
stresses  from  which  could  be  interpolated  proper  static  stresses  for  inter- 
mediate runs  with  which  to  compare  the  results  at  higher  speeds.  It 
was  the  purpose  to  secure  data,  so  far  as  possible,  that  would  give  the 
desired  information  by  direct  comparison  only  and  without  depending 
upon  calculations.  While  it  would  be  possible  to  calculate  the  static 
stresses  from  the  known  weights,  such  a  procedure  would  be  exceed- 
ingly tedious  and  involve  many  uncertainties,  due  to  secondary  stresses, 
unequal  pull  of  bars  and  lack  of  uniform  behavior  of  the  instruments. 
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By  using  the  identical  train  load  at  various  rates  of  speed  these  difficul- 
ties were  largely  obviated.  The  calculations  which  have  been  made  are 
therefore,  in  general,  simply  a  comparison  of  the  deformations  at  high 
speeds  with  those  occurring  at  such  low  speeds  as  to  be  considered  as 
static  eflfects.  Experience  in  conducting  the  tests  soon  made  it  evident 
to  the  Committee  that  at  such  a  speed  as  lo  to  12  miles  per  hour  no  appreci- 
able impact  effect  occurred.  In  the  reduction  of  the  data  great  care  has 
been  taken  in  deciding  upon  a  correct  value  for  the  static  deformation, 
since  a  small  variation  in  this  value,  in  the  case  of  low  stresses,  would 
cause  a  large  variation  in  the  percentage  excess  shown  by  the  higher  speed 
tests. 

While  incidental  to  the  main  purposes  of  the  tests,  the  Committee 
secured  many  results  bearing  upon  the  sTibject  of  secondary  stresses. 
These  are  discussed  briefly  under  Section  VI. 


SECTION   II.     DETAILED   RESULTS   OF  THE   TESTS. 

Table  6,  including  sixty-five  wheels  of  data,  contain  the  detailed 
results  of  the  tests  so  far  as  they  can  conveniently  be  represented  by 
measurements  of  the  diagrams.  The  several  tests  are  numbered  consecu- 
tively, all  diagrams  obtained  on  any  one  test  being  given  the  same 
number  and  also  a  number  corresponding  to  the  number  of  the  instru- 
ment. The  diagrams  obtained  from  the  deflectometer  are  labeled  "D." 
These    sheets   contain    the    following   information : 

The  first  column  gives  the  number  of  the  test,  the  second  column  the 
speed  in  miles  per  hour  and  the  third  column  the  position  of  the  marker 
on  the  locomotive  driver  referred  to  a  fixed  point  of  reference  on  the 
structure.  This  point  of  reference  is  noted  on  the  diagram  by  a  cross, 
p-ollowing  these  columns  of  general  information  are  data  obtained  from  the 
several  instruments,  namely,  from  the  deflectometer  and  from  the  12 
cxtensotTieters.  For  each  instrument  is  given,  first,  the  location  of  the 
instrument  on  the  truss  (also  shown  approximately  on  the  skeleton  out- 
line at  the  top  of  the  sheet).  Then  follow  three  or  four  columns  of 
data.  The  first  column  gives  the  maximum  ordinate  to  the  curve  in 
hundredths  of  inches;  then  the  value  of  the  maximum  ordinate  for  slow 
speed  or  static  load ;  then  the  percentage  excess  of  the  maximum  over 
static;  tlien,  in  many  cases,  a  column  headed  "R,"  or  "Remarks."  Under 
the  column  of  "Remarks"  is  indicated  in  a  general  way  the  character 
of  the  diagram  obtained.  For  this  purpose  the  letters  "I"  and  "M"  are 
u:;ed  to  indicate, .  respectively,  "Instrumental  vibration"  and  "Member 
vibration."  By  instrumental  vibration  is  meant  that  the  diagram  is 
affected  more  or  less  by  vibrations  of  the  extensometer  itself  as  indi- 
cated by  vibrations  of  very  short  period.  Where  these  are  excessive 
the  expression  "I  +"  is  used,  and  in  such  cases  the  value  of  the  maxi- 
mum ordinate  is  not  reliable.  By  the  letter  "M"  is  meant  that  the 
diagram  is  affected  by  the  vibration  of  the  member  itself,  which,  although 
involving  a  certain  definite  variation  in  stress  in  the  member,  should 
not  be  considered  as  a  variation  in  the  axial  stress.  The  subject  of 
member  vibration  is  considered  separately  under  Section   VI. 

These  sheets  contain  all  of  the  essential  data  from  which  the  infor- 
mation contained  on  subsequent  sheets  has  been  obtained.  The  static 
or  slow-speed  values  have  been  very  carefully  determined  by  an  inspec- 
tion of  slow-speed  records  and  by  interpolation,  where  necessary.  In 
measuring  maximum  ordinates  care  has  been  taken  to  eliminate  instru- 
mental and  member  vibration  so  that  the  results  will  indicate  as  nearly 
as  possible  the  axial  stress  in  the  member.  The  direction  of  the  for- 
ward motion  of  the  train  and  other  data  are  given  at  the  top  of  each 
sheet. 

To  make  clear  the  meaning  of  the  tabular  values  given  in  these 
sheets,  several  typical  diagrams  are  reproduced  in  Plates  II  a,  b,  c,  etc. 
On  each  diagran  from   a  to  j    is  shown   the  approximate   ordinate   for 
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slow  speed  or  static  load  by  means  of  a  straight  line  with  a  short  hori- 
zontal line  at  the  extremity.  Plate  II  a  shows  results  obtained  from 
tests  at  slow  or  moderate  speeds.  Plate  II  b  shows  results  obtained  at 
higher  speeds,  in  which  there  appears  little  eflfect  of  instrumental  or 
member  vibration.  The  large  vibrations  indicated  on  the  deflectometer 
and  extensometer  records  correspond  with  each  other  and  are  due  to 
the  vibration  of  the  structure  as  a  whole,  producing  corresponding  varia- 
tions in  the  stresses  in  the  members.  Diagrams  892-6  and  892-2  show 
some  instrumental  vibration,  and  the  upper  diagrams  on  Plate  II  d  and 
some  of  those  on  Plate  II  g  show  very  excessive  vibrations,  due  to  this 
cause,  which  are  so  large  as  to  make  it  impossible  to  determine  what 
the  axial  stress  really  is.  Diagrams  943-7,  951-7  and  912-4,  Plate  II  d," 
illustrate  the  effect  of  member  vibration  on  extensometer  records.  This 
vibration  is  very  much  slower  than  the  instrumental  vibration,  but  is 
generally  much  faster  than  the  vibration   of  the   truss   itself. 

The  original  records  have  been  pasted  into  large  blank  books  in 
consecutive  order  and  these  are  filed  in  the  Secretary's  office,  where 
they  may  be  examined  by  anyone  interested. 


SECTION  III.     DISCUSSION   OF  RESULTS. 

I.     CAUSES   OF   IMPACT  IN    GENERAL. 

The  following  may  be  enumerated  as  the  chief  factors  in  causing 
impact:  (i)  Unbalanced  locomotive  drivers;  (2)  rough  and  uneven 
track;  (3)  flat  or  irregular  wheels;  (4)  eccentric  wheels;  (5)  rapidity 
of  application  of  load;  (6)  deflection  of  beams  and  stringers,  giving  rise 
to  variations  in  the  action  of  the  vertical  load. 

The  term  "impact"  is  here  used  to  include  any  effect  of  the  moving 
load  which  results  in  stresses  exceeding  the  static  stresses.  Where 
caused  by  open  joints  or  rough  or  flat  wheels,  this  impact  is  more  or 
less  of  the  nature  of  a  "blow"  upon  the  structure;  but  vifhere  caused 
by  the  other  factors  mentioned,  it  amounts  in  effect  to  a  varying  load 
or  a  series  of  impulses  acting  upon  the  structure.  In  either  case  the 
result  is  to  produce  deflections  and  stresses  in  excess  of  the  static 
values,  such  excess  of  stress  being  commonly  called  "impact"  stress,  or 
simply  "impact." 

The  experiments  obtained  in  this  series  of  tests,  as  well  as  the 
results  obtained  in  former  tests,  indicate  that  with  track  and  rolling 
stock  in  good  condition  the  main  cause  of  impact  is  the  unbalanced  con- 
dition of  the  drivers  of  the  ordinary  locomotive.  Various  rules  are  in 
use  for  the  balancing  of  locomotives,  but,  excepting  in  the  balanced 
four-cylinder  locomotive,  or  the  electric  locomotive,  it  is  impracticable 
to  balance  an  engine  in  all  respects.  The  result  aimed  at  by  the 
mechanical  departments  is  to  so  counterweight  the  wheels  as  to  secure 
a  reasonable  compromise  between  the  effect  of  the  rotating  parts  and 
the  reciprocating  parts.  This  requires  the  use  of  counterweights  con- 
siderably in  excess  of  the  amount  necessary  to  balance  the  rotating 
parts.  So  far  as  the  vertical  effect  on  the  track  is  concerned  the  recip- 
rocating parts  are  of  little  influence,  but  by  whatever  amount  the 
rotating  parts  are  overbalanced,  just  so  far  will  there  be  a  variation  in 
pressure  upon  the  rail  due  to  the  centrifugal  force  of  such  over- 
balance. The  actual  amounts  of  such  overbalance  are  given  in  the  data 
for  the  several  locomotives  used  (Table  4).  It  will  be  seen  that  these 
excess  weights  amount  to  a  considerable  fraction  of  the  weights  on 
driving  axle,  and  at  high  speed  the  centrifugal  force  becomes  a  large 
percentage  of  the  vertical  load.  To  show  the  relative  importance  of 
this  there  are  given  in  Table  7  the  calculated  amounts  of  the  centrifugal 
force  of  the  excess  weights  for  the  various  locomotives,  at  a  speed  of 
60  iriiies  per  hour,  in  terms  of  percentage  of  weight  on  the  drivers. 
Account  is  taken  of  the  fact  that  the  counterweights  are  90  degrees 
apart  on  the  two  sides  of  the  locomotive  and  the  resultant  effect  is 
iiere  given.  This  centrifugal  force  amounts  to  about  60  per  cent,  of 
the  vertical  load  in  some  cases.  At  80  miles  per  hour  this  would 
be  over  100  per  cent.  The  great  variations  in  the  values  of  this  table 
suggest    that    it    would    be    desirable    to    consider    whether    or    not    the 
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practice  in  some  cases  might  not  be  modified  so  as  to  reduce  the  verti- 
cal effect  and  still  leave  the  reciprocating  part  sufficiently  balanced. 

In  consequence  of  the  action  of  these  centrifugal  forces  during  the 
passage  of  a  train,  the  load  acting  upon  the  bridge  is  a  varying  one. 
It  varies  with  each  rotation  of  the  driver,  and  thus  acts  as  a  series  of 
impulses  tending  to  set  the  structure  into  vibration.  In  the  case  of 
short  span  bridges  these  impulses  will  be  repeated  only  two  or  three 
times  during  the  passage  of  the  locomotive,  but  in  the  case  of  long 
span  bridges  they  will  be  repeated  many  times.  If  now  these  impulses 
correspond  in  period  with  the  normal  rate  of  vibration  of  the  loaded 
structure,  the  effect  will  be  cumulative  and  the  vibrations  will  bo 
greatly  increased.  Such  cumulative  effect  cannot  occur  for  bridges  of 
very  short  span  length,  as  the  normal  rate  of  vibration  of  such  struc- 
tures is  higher  than  the  rate  of  rotation  of  the  drivers  at  the  highest 
practicable  speeds.  It  may  and  frequently  does  occur  in  structures  of 
span  lengths  as  low  as  75  feet  and  sometimes  less.  The  speed  at  which 
the  impulses  here  discussed  show  a  cumulative  effect  may  be  termed 
the  critical  speed.     This  is  discussed  more  fully  in  following  paragraphs. 

Other  causes  of  impact  are  less  readily  studied  than  that  of  loco- 
motive counterbalance.  The  condition  of  track  and  wheels  can  be 
defined  in  rough,  general  terms  only.  The  effects  of  these  elements,  as 
shown  by  the  tests,  were  also  in  most  cases  such  as  to  make  it  difficult 
to  express  them  quantitatively.  In  some  cases  the  behavior  of  the 
loaded  cars  was  such  as  to  cause  large  impact.  This  will  be  discussed 
more  fully  in  following  paragraphs. 

The  effect  of  the  locomotive  counterweights  was  found  to  be  of 
such  great  relative  importance  that  this   element   will   be   discussed   first. 

2.      TIME    OF    VIBRATION     OF    BRIDGES. 

In  Section  VII  is  given  a  theoretical  deduction  of  a  convenient 
formula  which  expresses  the  time  of  vibration  of  a  loaded  bridge  in 
terms  of  weight  of  structure  and  its  load,  and  the  static  deflection  due 
to  the  live  load.     The  formula  is  as  follows : 


T=yJ'l±lxd, 


p 

in  which  T  =:  time  of  vibration  of  loaded  structure  in  seconds ; 
w  =  dead  load  per  foot,  assumed  as  uniform ; 
p  =  live  load   per  foot,  assumed  as  uniform ; 
rf=  static   deflection   in    feet  due  to  load   p,   as   determined   by 
direct  measurement. 
This   formula   corresponds    very    closely    with    that    de-  ived    by    Pro- 
fessor S.  W.  Robinson,*  but  is  derived  in  a  different  way.     His  formuh 
for  a  uniformly  distributed   load   is 


—  27rA/ -X 

^  3S  P 
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In  Table  8  are  given  the  values  of  critical  speeds  as  calculated  from 
the  first  formula  above  given.  The  observed  critical  speeds  are  also  given, 
these  being  the  speeds  at  which  the  vibrations  were  cumulative.  The  cor- 
respondence of  calculated  and  observed  values  is  very  close.  The  cor- 
respondence of  period  of  vibration  with  driver  circumference  was  also 
checked  by  measuring  the  distance  on  the  diagram  between  successive  vibra- 
tions. 

3.      CRITICAL    SPEEDS. 

The  speed  of  the  train  which  will  produce  cumulative  vibration,  as 
described  above,  depends  upon  the  natural  rate  of  vibration  of  the 
loaded  structure  and  the  diameter  of  the  locomotive  drivers.  During 
the  passage  of  a  train  the  total  weight  on  the  structure  varies  to  a 
considerable  extent  and  hence  the  normal  rate  of  vibration  of  the 
structure  also  varies.  Exact  agreement,  therefore,  between  driver  rota- 
tion and  vibration  period  of  the  structure  will  exist  only  for  a  short 
time,  and  hence  the  cumulative  effect  will  not  continue  during  the  pas- 
sage of  the  locomotive  entirely  across  a  long  span  structure.  The 
diagrams  show  very  clearly  the  effect  of  this  cumulative  vibration  and 
also,  in  many  cases,  how  this  cumulative  vibration  is  broken  up  after 
four  or  five  periods  by  lack  of  exact  synchronism  between  driver  rota- 
tion and  rate  of  vibration. 

In  Table  8  are  given  complete  data,  so  far  as  possible,  relative  to 
the  critical  speeds  as  actually  observed  for  the  various  bridges  and  loco- 
motives. 

On  Plate  lib  are  shown  several  diagrams  of  interest  in  this  con- 
nection. Diagrams  890  show  the  results  obtained  on  a  300-foot  span  due 
lo  the  passage  of  a  locomotive  at  just  the  right  speed  for  maximum 
effect.  Diagram  850-5  is  a  diagram  from  one  of  the  chord  members 
for  this  same  test.  Diagrams  892  show  a  common  case  of  a  broken- 
up  vibration  due  to  the  fact  that  the  movement  of  the  train  was  at  a 
speed  slightly  higher  than  the  critical  speed.  The  effect  was  cumulative 
for  a  short  time,  but  the  vibrations  were  soon  broken  up  by  the  lack 
of  synchronism.  Plate  Ilf  shows  additional  diagrams  illustrating  these 
points. 

On  plates  Illg,  i,  p,  an,  and  ap,  are  given  further  data  relative  to 
critical  speeds.  These  diagrams  show  the  impact  percentage  for  a  range 
of  speed  on  several  structures.  It  will  be  observed  how  the  impact  per- 
centage (due  mainly  to  vibrations)  increases  with  speed  up  to  a  certain 
point,  which  is  the  critical  speed,  and  then  rapidly  falls  off.  Plates  Illbj 
and  bq  are  diagrams  showing  results  on  short  span  plate  girders  for 
which  the  highest  speed  employed  was  still  below  the  critical   speed. 

The  results  here  given  show  clearly  the  importance  and  significance 
of  critical  speed  on  all  bridges  exceeding  about  100  feet  in  span  length. 
In  all  such  spans  it  was  found  that  the  excess  of  deflection  or  stress  at 
high  speeds,  over  the  static  effects,  was  due  almost  whollv  to  cumulative 
vibrations,  produced   at  or  near  this   critical   rpeed. 
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4.      LAW    OF    IMPACT    AT    CRITICAL    SPEED. 

In   Section   VII  a  theoretical   analysis    has   been    made   of   the    ideal 

case  of  the  effect  of   a   rotating  weight  upon   the  deflection   of  a   beam 

when  such  rotation  is  in  phase   with   the   vibration  period  of  the   beam 

itself  and  therefore  produces  cumulative  effect.     It  is  there  shown  that 

in    this    ideal    case    the    amplitude    of    deflection    due    to    the    centrifugal 

Gr 
for-;:c  of  such  rotating  weight  is  given  by  the  expression  x  =  2Trn    ■— 

2  W 

in  which  G=weight  of  arm  r=iarm  of  rotating  body,  W^=weight  of  beam, 
assumed  as  concentrated  at  the  center,  and  n  =  number  of  revolutions 
of  weight  from  beginning  of  motion.  The  effect  of  friction  or  other 
resistance  in  absorbing  the  energy  is  not  taken  into  account  in  this 
theoretical  analysis. 

The  case  of  a  bridge  supporting  a  rolling  load  consisting  of  unbal- 
anced wheels  is  somewhat  similar  to  the  theoretical  case  here  analyzed. 
The  masses  are  distributed  instead  of  being  concentrated  and  the 
absorption  of  energy  prevents  the  development  of  vibration  to  the  ex- 
tent assumed  by  the  theory,  but  the  relations  brought  out  in  the  analysis 
may  be  useful  in  interpreting  results.  Where  the  rotating  wheels  syn- 
chronize with  the  natural  period  of  vibration  of  the  loaded  structure 
then  the  vibrations  will  be  cumulative  somewhat  as  assumed  in  this 
analysis. 

We  would  then  conclude  that  the  amplitude  of  vibration  in  such  a 
case  would  be  proportional  to  the  moment  of  the  counterbalance  ^nd 
inversely  proportional  to  the  weight  of  the  loaded  structure.  Such 
vibrations  would  also  increase  in  amplitude  with  the  number  (»)  of 
impulses  due  to  the  rotating  weight.  Obviously  the  amplitude  will  not 
increase  indefinitely  as  the  impulses  are  repeated,  but  will  soon  reach 
a  maximum  limit  where  the  energy  absorbed  balances  the  energy  applied 
by  the  rotating  body. 

The  impact  ratio  or  percentage,  due  to  cumulative  vibration,  is 
equal  to  the  maximum  amplitude  of  vibration,  divided  by  the  static 
deflection  d,  or  theoretically, 

2lVd  IVd ' 

in  which  k*  is  some  coefficient  which  takes  account  of  the  absorption  of 
energy.     The  deflection,  d,  of  a  structure,  designed  under  given  working 

P 

stresses,  is  approximately  proportional   to   /  X ,  in  which  p  =  live 

tv-\-p 

load  and  w  =  dead  load  per   foot;   and   the   number   of   impulses    whicii 

will   occur  during   the   passage   of  a    locomotive   =  l/c,   in    which    c   = 

driver   circumference.     Hence,    we    have    the    approximate    relation    th.it 

,      Gr 
I  varies   with   k     ——,  ;   that    is,    the   impact   percentage    at   the   critical 
p  c  I 

speed  varies  with   the  moment  of  the  counterweight  and   inversely  with 
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the  live  load  for  which  the  structure  is  designed,  the  circumference  of 
the  driver,  and  the  span  length.  The  coefficient  k^  is  also  doubtless  ai 
variable.  JThe-  impact  percentage  thus  appears  to  be  independent  of  the 
weight  of  the  structure  itself.  This  is  explainable  from  the  fact  that 
the  critical  speed  is  here  assumed,  and,  further,  that  while  the  absolute 
vibration  will  be  less  for  heavy  structures  the  static  deflection  from 
live  load  will  also  be  less  so  that  the  percentage  will  tend  to  be  con- 
stant. 

To  enable  a  study  to  be  made  along  the  line  of  this  discussion  the ' 

Gr 
quantity  —    has   been    calculated    for   each    locomotive   and    entered   in 
c 

Table  No.  8,  where,  it  is  called  the  "Locomotive  Coefficient."  The  re- 
sults in  general  show  large  impact  for  high  values  of  the  coefficient 
but  not  in  proportion  to  it.  The  variation  in  maximum  impact  per- 
centage is  much  less  than  in  the  value  of  this  coefficient. 

5.      VIBRATIONS    UNDER    BALANCED    LOCOMOTIVES. 

The  great  importance  of  unbalanced  drivers  and  the  significance  of 
cumulative  vibration  is  well  brought  out  by  a  comparison  of  the  results 
already  discussed  with  the  results  obtained  from  balanced  compound 
and  electric  locomotives.  In  some  cases  the  balanced  compound  loco- 
motives appeared  to  be  not  W'ell  balanced,  but  in  other  cases  the  balance 
was  remarkably  good  as  shown  by  the  experimental  results.  On  Plate 
He  are  shown  several  such  results,  both  from  deflections  and  from 
stress,  and  Plates  III,  ag,  ab,  am,  and  bw  give  the  results  obtained  on 
several  structures  at  all  speeds.  These  curves  are  very  valuable  and 
significant  as  showing  how  small  the  impact  may  be  under  balanced 
loads  with  a  smooth  track,  and  bring  out  forcibly  the  relative  impor- 
tance of  counterweights  as  the  prime  factor  in  causing  impact. 

6.      MAXIMUM    IMPACT    PERCENTAGES    FOR    TRUSS     SPANS. 

On  Plate  IV  are  plotted  the  maximum  impact  ratios  from  deflec- 
tions for  all  spans  irrespective  of  speed  or  type  of  locomotive.  In 
most  cases  these  spans  were  of  sufficient  length  so  that  the  critical 
speed  was  obtained.  On  Plate  V  are  plotted  similar  maximum  ratios 
obtained  from  extensometer  measurements  on  what  are  here  called 
'main  truss  members."  These  values  are  obtained  by  averaging  in  each 
case  the  maximum  results  from  chord  members  and  end  post.  They 
are  thus  averaged  for  the  reason  that  all  of  these  members  receive  their 
maximum  stress  for  a  fully  loaded  structure.  The  results  agree  closely 
with  each  other,  as  should  be  expected.  While  the  individual  results 
vary  somewhat,  it  is  thought  that  an  average  value  for  these  members 
will  be  more  significant  than  the  maximum  obtained  from  any  one. 
The  extensometer  measurements  are  affected  more  or  less  by  secondary 
stresses,  and  the  instruments  themselves  are  not  quite  as  reliable  as  the 
deflectometer,   so  that,  on   the   whole,   an   average  value   for  these   main 
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truss  members  was  considered  to  be  a  fair  measure  of  maximum  im- 
pact for  ail  similar  members.  It  will  be  seen  that  the  impact  values 
determined  from  these  main  members  are  somewhat  greater  than  the 
values  determined  from  the  deflection  records.  This  is  to  be  expected, 
partly  on  account  of  the  effect  of  secondary  stresses,  and  partly  on 
account  of  the  fact  that  the  deflection  itself  represents  in  a  measure  an 
average  of  all  of  the  truss  members,  and  should  be  somewhat  less  than 
the  average  of  a  few  members.  The  relative  values  for  deflection  and 
stress  in  main  truss  members  are  discussed  more  fully  in  a  later  paragraph. 

y.      MAXIMUM    IMPACT    PERCENTAGES    FOR    PLATE    GIRDER    SPANS. 

For  spans  of  such  length  that  the  critical  speed  is  higher  than  tht 
maximum  speed  employed,  the  impact  values  increase  generally  with 
the  speed.  Plates  III,  ar,  bj  and  bg  show  several  diagrams  of  impact 
percentages,  based  on  deflections,  which  bring  out  very  clearly  this 
fact.  The  theoretical  analysis  given  in  Section  VII  for  cases  in  which 
the  impulse  does  not  synchronize  with  the  vibration  period  of  a  struc- 
ture shows  that  in  general  the  amount  of  impact  is  proportional  to  the 
centrifugal  force  and  inversely  proportional  to  the  weight  of  the  loaded 
structure  and  its  span  length.  For  cases  in  which  the  impulses  are 
applied  at  a  rate  approaching  the  normal  period  of  vibration  of  the 
structure  the  vibrations  will  be  cumulative  to  a  certain  extent.  From 
these  considerations  we  should  expect  that  for  very  short  spans  the  im- 
pact would  not  vary  greatly  with  length  of  span  and  that  for  spans 
from  40  to  80  or  100  feet  the  impact  values  would  gradually  merge 
into  those  obtained  for  the  long  span  structures. 

Besides  the  observations  made  on  plate  girder  spans  the  observations 
made  on  stringers,  floor  beams  and  hip  verticals  have  been  considered 
in  the  same  class  as  those  on  short  span  structures.  The  stringers  are 
nothing  more  than  short  span  girder  bridges,  with  the  exception  that 
the  end  supports  are  not  generally  as  rigid  as  masonry  piers.  The 
floor  beams  may  fairly  be  compared  with  plate  girders  of  a  span 
length  equal  to  two  panels,  and  the  hip  verticals  must,  of  course,  re- 
ceive the  same  loads  as  the  floor  beams. 

On  Plate  VI  are  plotted  the  impact  percentages  as  determined  from 
deflections  on  all  plate  girder  spans.  On  Plate  VII  are  plotted  impact 
percentages  for  plate  girders  as  determined  from  flange  stresses,  using 
average  values.  Plate  VIII  gives  the  results  obtained  on  stringers, 
floor  beams  and  hip  verticals.  The  span  length  assumed  in  the  case  of 
the  last  two  series  is  taken  as  equal  to  two  panels. 

8.      COMBINED    DIAGRAM     FOR     ALL    BRIDGES. 

Plate  IX  contains  all  of  the  data  given  on  Plates  V  and  VII, 
namely,  the  impact  percentages  as  determined  from  stress  observations 
on  plate  girders  and  main  members  of  trusses.  It  will  be  seen  that 
(he  values  for  short  spans  apparently  introduce  no  sudden  change  in  the 
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law  of  impact  variation.  Comparing  with  Plate  VIII  it  is  also  seen 
that  the  results  on  stringers,  floor  beams  and  hip  verticals  are  some- 
what lower,  if  anything,  than  the  results  obtained  on  plate  girder 
bridges.  Plate  IX  includes  perhaps  the  most  important  results  obtained 
in  the  entire  series  of  tests,  and  if  these  results  can  be  considered  as 
fairly  indicative  of  the  maximum  to  be  expected  in  ordinary  circum- 
stances, they  constitute  a  very  important  basis  for  determining  the  law 
of  impact.  Before  attempting  to  discuss  such  a  law,  however,  it  is 
desirable  to  consider  certain   other  elements   of   the   problem. 

9.      IMPACT     PERCENTAGES     ON     VARIOUS     TRUSS     MEMBERS. 

A  very  important  phase  of  the  question  relates  to  the  relative  im- 
pact on  the  various  members  of  the  truss.  Many  observations  were 
made  to  secure  data  with  reference  to  this  point.  These  observations 
related  primarily  to  the  various  web  members,  excepting  the  hip  verti- 
cals, these  being  already  classed  with  the  short  span  structures.  The 
results  obtained  on  the  various  truss  members  are  shown  by  the  diagrams 
of  Plate  ~  X.  These  diagrams  are  plotted  so  as  to  show  the  impact 
percentages  for  each  bridge,  as  determined,  first,  bj^  the  deflection;  sec- 
ond, by  the  average  result  on  main  members  (chord  members  and  end 
posts),  and  third,  by  the  results  on  various  web  members.  The  per- 
centages determuied  under  the  third  head  are  plotted  in  the  order  of 
the  particular  member  in  question,  beginning  at  the  end  of  the  bridge. 
For  example,  on  Plate  Xc,  bridge  No.  24,  149-foot  span,  we  have  the 
several  percentages  for  deflection,  main  members,  main  diagonal  (first 
diagonal),  second  diagonal,  third  diagonal  and  counter.  Also  on  the 
same  plate,  bridge  No.  26,  300-foot  span,  we  have  eight  different  mem- 
bers, besides  the  deflection  and  the  average  for  main  members.  These 
eight  members  are  the  several  diagonals  and  the  several  vertical  posts, 
the  latter  being  numbered  as  "second  panel  post,"  "third  panel  post," 
etc.  The  second  panel  post  and  the  second  diagonal  may  be  considered 
as  having  theoretically  the  same  stress;  likewise  the  third  panel  po.st 
and  the  third  diagonal,  etc.  In  several  cases,  where  the  results  of  two 
or  more  series  of  tests  on  the  same  structure  with  different  locomotives 
were  practically  the  same,  the  maximum  results  of  the  several  series  have 
been  averaged  and  taken  as  representing  better  the  results  to  be  ex- 
pecu'.d   from  such  structure  and  locomotive  than  any  single   result. 

These  diagrams  are  of  great  importance,  as  they  give  in  graphic 
form  all  of  the  data  relative  to  this  feature.  It  will  be  noticed  at 
once  that  if  we  begin  with  the  average  of  main  members,  which  is 
generally  somewhat  higher  than  the  deflection  percentage,  the  impact 
ratios,  as  we  approach  the  center  of  the  structure,  do  not  generally  vary 
greatly  or  in  any  constant  way.  In  some  cases,  where  a  large  number  of 
members  were  experimented  upon,  there  seems  to  be  little  change  one  way 
or  the  other.  There  is  a  decided  tendency  for  the  percentage  for  the  main 
diagonal   to  be  less  than   the  average   for  main   members.     This   is   prob- 
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ably  due  to  the  fact  that  the  actual  static  live  load  stresses  in  the  chord 
members  and  end  post  were  considerably  less  than  in  the  main  diag- 
onals, and  any  accidental  variation  in  the  extensometers  would  therefore 
tend  to  increase  the  percentages  as  calculated  for  the  main  members 
more  than  it  would  for  the  main  diagonals.  Generally  speaking,  where 
the  static  live  load  stresses  are  very  low  the  impact  percentages  be- 
come less  reliable  and  are  likely  to  be  too  high  as  calculated  from  the 
curves. 

To  determine,  if  possible,  the  general  tendency  of  these  curves  cer- 
tain other  averages  have  been  calculated  and  are  given  in  Table  9a. 
These  averages  are  determined  as  follows :  The  values  in  column  3 
are  the  averages  of  the  percentages  for  the  main  members  and  the 
main  diagonals ;  the  values  in  column  4  are  the  averages  of  the  per- 
centages for  all  of  the  other  web  members.  These  two  sets  of  aver- 
ages represent  in  a  way  two  groups  of  members,  one  of  which  receives 
its  maximum  stress  when  the  bridge  is  fully  loaded,  or  nearly  so,  and 
the  other  when  the  bridge  is  loaded  for  from  half  to  two-thirds  of  its 
length.  In  the  fifth  and  sixth  columns  are  given  the  differences  between 
the  two  results,  plus  and  minus.  The  total  net  difference  and  per- 
centage difference,  amounting  to  -[-  7.9  per  cent,  is  given  at  the  foot 
of  the  table.  A  similar  calculation  is  given  in  Table  9b,  comparing 
averages  on  main  members  with  averages  on  all  web  members,  includ- 
ing main  diagonals.  The  results  here  show  a  slight  tendency  in  the 
opposite  direction.  To  make  a  further  comparison  a  few  of  the  results 
obtained  from  experiments  made  under  the  most  favorable  conditions 
have  been  selected  and  separately  tabulated  at  the  end  of  Table  ga,  and 
in  Table  9c.  Some  of  the  results  in  the  other  tables  are  omitted 
because  of  the  small  number  of  tests  on  the  web  members. 

These  calculations  show  quite  clearly  that  there  is  little  difference 
in  the  impact  ratios  for  the  different  truss  members  tested.  The  slight 
average  difference  which  indicates  some  excess  on  web  members  may 
easily  be  accounted  for  by  the  fact  that  for  those  truss  members 
toward  the  center  of  the  span  the  disturbances  of  instruments  due  to 
the  vibrations  in  the  individual  members,  especially  in  the  case  of  eye- 
liars,  were  on  the  average  considerably  greater  than  in  the  case  of  the 
main  members  and  main  diagonals.  All  such  disturbances  tend  (0  in- 
crease the  errors  and  the  calculated  percentages. 

The  results  here  shown  were  hardly  expected,  it  being  supposed  that 
members  near  the  center  of  the  structure  would  receive  materially 
greater  impact  than  the  c^iords  and  ma.n  diagonals.  However,  a  careful 
analysis  of  the  conditions  in  the  light  of  the  discussion  on  critical  speed 
will  show  that  the  results  are  reasonable.  The  conditions  under  which 
the  impact  ratios  for  a  long  span  truss  are  a  maximum  require  a  cer 
tain  critical  speed  within  quite  narrow  limits.  A  speed  greater  than 
this    will    give    rise   to    vibrations   which    are    noncumulative    and    hence 
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smaller.  It  is  also  an  observed  fact  that  this  critical  speed,  at  which 
the  vibrations  are  highly  cumulative,  causes  the  maximum  impact  not 
only  in  the  main  members  but  also  in  the  web  members.  That  is  to 
say,  the  speed  of  maximum  impact  is  practically  the  same  for  all  mem- 
bers of  the  bridge,  excepting  the  hip  verticals  and  the  floor  system 
Under  these  conditions  the  behavior  of  the  web  members  of  a  long 
span  bridge  is  quite  different  from  that  of  the  main  members  or  flanges 
of  a  short  span  bridge.  Thus,  in  a  200-foot  span  the  maximum  impact 
percentage  for  all  truss  members,  including  counters  as  well  as  main 
members,  will  occur  at  a  speed  of  say  35  miles  per  hour,  while  the 
speed  of  maximum  impact  for  a  girder  or  truss  of  loo-foot  span  will 
occur  at  a  speed  of  50  miles  per  hour  or  more.  It  is  therefore  not 
possible  to  compare  the  impact  on  the  counters  of  a  2CO-foot  span 
bridge  with  the  impact  on  the  main  members  of  a  75  or  loo-foot  span. 
There  is  one  condition  under  which  the  impact  ratio  for  web  mem- 
bers near  the  center  of  a  truss  might  be  greater  than  the  percentage 
for  main  members.  This  is  the  case  where  the  speed  of  the  train  is  a 
little  too  high  to  cause  the  greatest  cumulative  efifect  for  the  entire 
structure.  Such  a  speed  will  cause  cumulative  vibration  until  the  train 
has  passed  perhaps  half  way  across  the  structure.  The  vibrations  will 
then  be  broken  up  and  will  not  be  particularly  great  at  the  instant 
when  the  bridge  is  fully  loaded.  Such  speeds  will  not  give  a  maximum 
impact  percentage  for  main  truss  members,  but  may  give  quite  high 
values  for  the  web  members  which  happen  to  receive  a  maximum  stress 
when  the  structure  is  half  loaded.  An  illustration  of  such  conditions  is 
given  in  the  diagrams  on  Plate  Ilf  and  Ilh.  Diagrams  623  on  Plate  Ilf 
show  how  the  vibrations  are  broken  up  before  the  maximum  stress  is 
reached  in  the  main  members  (top  chord  and  deflection),  while  for  the 
same  tests  the  vibrations  are  of  large  amplitude  just  at  the  time  when 
the  diagonal  has  its  maximum  stress.  For  these  particular  tests  the 
impact  percentages  for  the  diagonals  will  be  greater  than  in  the  main 
members.  Other  diagrams  show  similar  conditions.  From  a  casual 
inspection  of  records  during  the  progress  of  the  field  work  it  was 
thought  that  these  conditions  would  lead  to  somewhat  higher  values 
for  web  members  than  for  main  members,  but  in  working  out  the 
actual  percentages  for  the  maximum  values  in  each  case  the  results  are 
as  shown  in  the  diagrams  already  described.  The  differences  in  max- 
imum percentage  are  in  reality  very  small. 

10.     EFFECT    OF    POSITION    OF    COUNTERBALANCE. 

In  conducting  the  tests  the  position  of  counterbalance  with  refer- 
ence to  a  particular  point  on  the  structure  was  generally  determined. 
This  was  done  by  inserting  an  index  consisting  of  a  small  steel  pin 
into  the  rim  of  the  locomotive  driver  directly  opposite  the  counter- 
balance. Then  along  side  and  just  outside  of  the  rail  a  scantling  was 
fastened  to  the  ties  and  on  the  top  of  this  a  ridge  of  clay  or  putty  was 
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placed,  into  which  the  index  would  press  and  leave  a  mark  which  could 
be  referred  to  a  definite  point  of  the  structure.  This  arrangement 
proved  very  satisfactory  and  records  of  this  sort  were  obtained  on  most 
of  the  structures  tested. 

It  is  not  to  be  expected  that  the  exact  position  of  counterbalance 
would  have  any  appreciable  effect  on  spans  of  any  considerable  length, 
but  on  short-span  girders,  whose  length  does  not  exceed  two  or  three 
times  the  circumference  of  a  driver,  it  would  seem  that  there  would  be 
an  appreciable  difference  in  impact  whether  the  counterbalance  hap- 
pened to  be  down  or  up  at  the  time  when  the  drivers  were  centrally 
located  on  the  span.  To  assist  in  studying  the  effect  of  this  element,  the 
diagrams  on  Plates  XI  have  been  prepared.  The  lower  curve  in  each 
case  shows  the  percentage  impact  and  the  upper  curve  the  location  of 
the  counterbalance  expressed  in  feet  distant  from  the  center  of  the 
span  at  the  time  when  the  counterbalance  is  in  its  lowest  position. 
Theoretically,  this  position  should  give  the  maximum  impact.  An  in- 
spection of  these  diagrams  shows  a  marked  tendency  to  follow  this  lav/ 
although  the  variations  due  to  other  causes  are  so  great  as  to  mask 
this  effect  to  a  large  extent. 

II.     EFFECT   OF   SPEED   OF    APPLICATION   OF   LOAD. 

Assuming  the  track  perfectly  smooth  and  all  of  the  rotating  parts 
perfectly  balanced,  the  effect  of  a  load  moving  over  a  structure  at  a 
high  rate  of  speed  depends  wholly  upon  the  vertical  curvature  of  the 
track  and  the  effect  which  this  curvature  has  upon  the  path  over  which 
the  center  of  gravity  of  the  load  travels.  If  the  load  causes  the  struc- 
ture to  deflect  so  that  the  curvature  of  the  track  is  concave  upward, 
the  pressure  of  the  load  upon  the  bridge  will  be  in  excess  of  its  weight 
by  reason  of  the  centrifugal  force  caused  by  such  curvature.  If  the 
track  has  an  initial  camber  so  that  when  the  load  passes  over  the  struc- 
ture the  deflection  produced  is  just  sufficient  to  bring  the  track  into  a 
straight  line,  then  there  would  be  no  centrifugal  force  developed  and 
the  pressure  of  load  upon  the  track  will  be  constant  and  exactly  equal 
to  the  static  load.     The  impact  in  that  case  will  be  zero. 

If  we  assume  the  track  originally  straight  and  absolutely  rigid,  the 
amount  of  impact  or  centrifugal  force  resulting  from  the  deflection  of 
the  structure  can  be  approximately  determined  on  theoretical  grounds. 
Such  an  analysis  has  been  made  by  Dr.  II.  Zimmerman  for  the  case  of 
a  single  rolling  load,  and  a  formula  whicli  is  very  closely  approximate 
to  his  exact  formula  is  as  follows: 

F  =  P ' 


in  which    /'"  =  centrifugal    force,   /'  =  weight   of   rolling   load,  r  =  veloc- 
ity in  feet  per  second,  rf  =  deflection   of  structure   and    i  =  span   length. 
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If,   for   example,   d  =  1/2400   of   span   length   and   v=-c^  ft.   per   second 
(about  60  miles  per  hour),  we  have 

F  =  P \ 

0.595  /  —  3 

a  formula  which  is  practically  exact  for  spans  greater  than  15  feet.     For 

a  25-foot  span  this  gives  8.7  per   cent,   impact,    and  for  a   so-foot   span 

2,-7  per  cent.     For  a  lOO-foot  span  the  value  would  be  1.7  per  cent. 

Considering  these  results  and  the  fact  that  for  spans  of  any  con- 
siderable length  the  track  is  cambered,  and  the  abutments  not  rigid,  we 
may  conclude  on  theoretical  grounds  that  the  impact  due  to  speed  of 
application  for  spans  greater  than  50  feet  is  of  no  consequence. 

The  experimental  data  with  reference  to  this  point  are  very  difficult 
to  obtain  by  reason  of  other  elements  which  are  always  present.  The 
results  obtained  from  balanced  compound  locomotives  and  electric:  loco- 
motives are,  however,  very  significant  and  indicate  that  under  very 
favorable  conditions  as  to  track  and  rolling  loads  the  impact  is  of  very 
little  consequence  even  for  short  spans.  The  results  shown  on  Plate  XII 
for  span  lengths  of  149  ft,  300  ft.,  70  ft.  and  50  ft.  are  perhaps  the 
most  significant  in  this   connection. 

12.      EFFECT    OF    ROUGH    TRACK. 

The  effect  of  low  or  open  joints  in  the  track  was  directly  notice- 
able on  stringers  and  short  span  girders,  and  sometimes  on  floor  beams 
and  hip  verticals  where  the  rail  joints  were  near  the  floor  beam.  It 
was  not  noticeable  on  main  truss  members  or  long  span  girders.  The 
effect  produced  was,  however,  very  difficult  to  determine  quantitatively. 
Under  these  conditions  the  extensometers  were  so  jarred  and  shaken 
up  as  to  make  the  diagrams  unreliable.  The  character  of  some  of  the 
diagrams  produced  under  such  conditions  is  illustrated  in   Plate  Ilg. 

13.      EFFECT    OF   DESIGN. 

The  most  noticeable  effect  of  differences  in  design  is  to  be  seen  in 
the  results  obtained  on  stringers  and  floor  beams.  The  extreme  condi- 
tion of  rigidity  is  illustrated  in  the  results  obtained  in  bridge  No.  5 
where  the  rail  was  supported  on  steel  channels  riveted  directly  on 
closely  spaced  crossbeams,  and  these  in  turn  into  the  lower  chord  of 
the  truss.  No  observations  were  here  made  on  the  crossbeams,  but 
the  records  obtained  on  hip  verticals,  examples  of  which  are  shown 
on  Plate  Ilg,  indicate  a  very  severe  jarring  effect  transmitted  from 
the  rail  into  the  floor  system.  Many  similar  results  were  obtained  with 
the  ordinary  open  floor  where  the  stringer  spacing  was  such  as  to 
bring  the  rail  nearly  over  the  stringer.  In  this  case  the  ties  would 
afford  but  little  elasticity  and  the  jarring  effect  resulting  from  rough 
track  or  wheels  was  very  noticeable  in  nearly  all  such  cases.  Where 
the  stringers  were  widely  spaced  the  elasticity  due  to  long  ties  relieved 
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this  jarring  efifect  very  greatly  and  in  most  cases  gave  records  nearly 
or  quite  free  from  instrumental  vibration. 

The  effect  of  a  ballasted  floor  on  the  results  obtained  on  floor 
beams  was  even  more  marked  than  that  of  widely  spaced  stringers. 
Curves  obtained  from  crossbeams  and  short-span  girders  having  bal- 
lasted floors  are  illustrated  in  Plate  Hi.  In  nearly  all  cases  these  were 
steady  and  reliable. 

The  most  noticeable  effect  of  elasticity  of  bridge  floor  was  freedom 
from  jar  as  shown  by  lessened  instrumental  vibration.  The  actual 
effect  on  impact  percentage  is  very  difficult  to  estimate  because  of  the 
unreliable  character  of  the  records  taken  on  the  more  rigid  floors. 

The  effect  of  length  of  panel  was  not  detected  although  the  deflec- 
tion of  the  stringers  undoubtedly  has  some  influence  on  the  cumulative 
vibration  when  the  panel  lengths  correspond  approximately  with  the 
driver  circumference  or  the  car  length.  In  modern  designs,  however, 
the  stringers  are  made  of  such  depth  that  their  deflection  under  very 
heavy  load  will  not  generally  amount  to  more  than  i/io  or  1/12  inch. 
Compared  to  this  the  center  of  gravity  of  that  part  of  the  locomotive 
resting  upon  the  main  drivers  will  have  a  vertical  movement  of  from 
^  to  I  inch  as  the  load  moves  forward,  due  to  the  excess  counter- 
weight. So  far,  therefore,  as  the  locomotive  is  concerned  the  deflection 
of  stringers  when  the  length  corresponds  exactly  to  the  circumference 
of  the  driver  is  of  minor  importance  as  compared  to  the  effect  of  the 
counterweights. 

The  effect  of  design  on  main  girders  and  truss  members  is  difficult 
to  determine.  In  considering  this  problem  it  should  be  kept  in  mind 
that  the  main  factor  in  causing  impact  or  excess  of  stress  in  main 
girders  and  truss  members  is  the  cumulative  vibration  set  up  by  the 
unbalanced  locomotive  drivers.  This  effect  cannot  be  eliminated  by 
the  most  perfect  design  for  the  reason  that  the  structure  is  an  elastic 
body  and  subject  to  deflection  and  vibration  from  such  causes  as  here 
considered. 

Consider,  first,  two  designs,  one  of  which  is  an  old  light  structure 
designed  for  a  light  load,  and  the  other  is  a  modern  heavy  structure 
designed  for  a  heavy  load.  If  the  same  locomotive  be  now  moved  over 
these  two  structures  the  centrifugal  force  of  the  counterweights  will  be 
able  to  produce  larger  vibrations  in  the  light  structure  than  in  the 
heavy  structure.  At  the  same  time  tlic  static  deflection  of  the  light 
structure  will  be  greater  than  that  of  the  heavy  structure  so  that  the 
percentage  effect  tends  to  be  the  same.  In  fact,  if  the  light  structure 
contains  loose  joints,  and  if  its  members  are  caused  to  vibrate  indi- 
vidually more  than  those  of  the  heavy  structure,  it  is  reasonable  to 
expect  that  the  energy  which  causes  the  vibrations  is  dissipated  more 
rapidly  in  the  case  of  the  light  structure  than  in  the  case  of  the  heavy 
structure.  This  condition  tends  to  reduce  the  cumulation  of  the  vibra- 
tion  in   the   light   structure.      We   should   not    expert,    therefore,   that    thr 
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percentage  impact  on  the  main  members  of  a  light  structure,  as  shown 
by  the  axial  stress,  will  be  greater  than  for  a  heavy  structure.  This 
fact  is  brought  out  by  a  comparison  of  the  results  obtained  on  bridges 
Nos.  32  and  34  of  the  Norfolk  &  Western  Railway,  which  were  rela- 
tively old  and  light  structures,  with  the  results  of  most  of  the  other 
tests.     (See  Plate  IV,  results  marked  "W.") 

Consider,  again,  two  designs',  both  modern,  designed  for  the  same 
working  stresses,  but  having  different  depths.  The  deeper  structure  will 
have  less  static  deflection  and  will  probably  be  of  less  weight.  Its  mass 
will  therefore  be  more  readily  affected  by  any  given  impulse  than  the 
heavy  structure,  and  it  also  has  a  smaller  static  deflection.  The  impact 
percentage  in  such  a  case  is  therefore  likely  to  be  greater  for  the  light 
structure  than  for  the  heavy  structure. 

Again,  it  is  to  be  noted  that  anything  which  decreases  the  rate  of 
vibration  of  a  structure  tends  to  reduce  the  impact  by  reducing  the 
critical  speed  which  causes  maximum  impact.  This  rate  of  vibration  is 
reduced  by  an  increase  of  span  length,  by  an  increase  of  mass  and  by 
an  increase  of  deflection  under  a  given  load. 

In  the  case  of  short  span  structures  not  affected  by  cumulative 
vibration  the  same  general  influences  prevail,  excepting  that  the  rate  of 
vibration  does  not  directly  enter,  since  the  critical  speed  is  not  reached. 

These  general  principles  are  illustrated  more  or  less  definitely  by 
the  various  results  obtained.  They  need  especially  to  be  kept  in  mind 
in  an  analysis  of  the  experimental  data. 

14.      IMPACT    UNDER    CARS    AND    EFFECT    OF    FLAT    WHEELS. 

During  the  progress  of  the  special  tests  the  Sub-Committee  on 
Impact  made  such  observations  as  it  could  relative  to  the  effect  of  flat 
spots  on  car  wheels  on  the  stresses  in  bridges.  In  one  series  of  tests  a 
car  having  a  wheel  with  a  very  decided  flat  spot  was  purposely  used, 
and  in  other  tests  wheels  with  flat  spots  were  occasionally  noted  in  the 
test  trains.  In  one  case  the  tires  of  the  locomotive  were  badly  worn 
and  quite  rough.  From  these  observations  it  is  impossible  to  report 
any  quantitative  results.  A  distinct  effect  was  noticeable  on  such 
members  as  stringers  and  floor  beams.  This  effect  was  similar  to  that 
produced  in  the  case  of  rough  track,  as  noted  under  13. 

The  effect  of  flat  spots  on  main  truss  members  of  a  bridge  was  not 
definitely  noticed  in  any  case,  but  there  were  several  cases  where  a 
train  of  three  or  four  heavily  loaded  freight  cars  in  a  test  train  caused 
vibrations  of  the  whole  structure  quite  as  large,  relatively  to  the  static 
deflection,  as  those  caused  by  the  locomotive.  This  effect  was  not 
noted  in  connection  with  any  decided  flat  spots  in  the  wheels,  but  in 
some  cases,  at  least,  it  was  caused  by  the  vibratory  motion  of  a  ear 
already  in  vibration  before  reaching  the  structure. 

Several    diagrams   illustrating  these   effects   are   reproduced    in    Plate 
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IIj,  and  Table  lo  is  a  compilation  of  the  important  data  on  this  point. 
It  will  be  noted  that  the  speeds  at  which  excessive  truss  vibrations 
occurred  under  loaded  freight  cars  were  generally  quite  high.  The 
effect  in  many  cases  was  so  great  as  to  be  a  njatter  of  very  considerable 
importance.  No  effect  of  any  consequence  was  ever  observed  under 
the  cars  of  passenger  trains.  The  difference  in  equipment  of  freight 
and  passenger  cars  in  respect  to  smoothness  of  motion  is  very  evident 
in  the  character  of  the  diagrams  produced. 

15.      MAXIMUM    PROBABLE    IMPACT   AS    INDICATED    BY    THESE    TESTS. 

In  attempting  to  derive  an  expression  which  will  represent  max- 
imum impact,  it  is  necessary  to  distinguish  between  short-span  struc- 
tures, for  which  the  maximum  speed  is  less  than  the  critical  speed,  and 
long-span  structures,  for  which  the  critical  speed  is  likely  to  occur.  It 
seems  reasonable  to  consider  as  a  basis  of  conclusions  the  impact  per- 
centages plotted  in  Plates  IV  and  IX.  These  diagrams  represent  im- 
pact percentage  for  plate  girders  and  trusses  based  on  deflections,  and 
also  those  based  on  flange  stresses  and  stresses  in  main  members  of 
trusses. 

For  short  spans  a  percentage  of  100  would  appear  to  be  high 
enough.  A  few  results  higher  than  this  were  obtained  where  the  speeds 
were  exceptionally  high,  and  probably  for  short  spans  and  with  track 
in  poor  condition,  values  exceeding  100  per  cent,  would  sometimes 
occur.  For  span  lengths  below  30  or  40  feet,  the  tests  of  this  series 
are  not  conclusive. 

For  long  spans,  such  that  the  maximum  impact  is  dependent  upon 
the  critical  speed,  theoretical  considerations  indicate  that  the  impact 
varies  mversely  with  the  span  length.  Following  this  suggestion  from 
theory,  a  curve  has  been  plotted  on  Plates  IV  and  IX,  represented  by 
the  formula  I  =  6o/l,  where  7  =  impact  percentage  and  /  =  span  length. 
This  curve  is  shown  by  the  dotted  line.  It  seems  to  accord  fairly  well 
with  the  results  of  the  tests,  but  it  may  be  considered  that  on  Plate  IX 
there  are  perhaps  too  many  values  above  this  line. 

It  is  very  desirable  that  the  law  of  maximum  impact  be  expressed 
by  a  single  formula.  Adopting  as  approximately  correct  the  two  ex- 
pressions  above   mentioned    for   short   and    long   spans,    namely,    7  =100 

60 
for   short   spans    and   I  =  —  for   long   spans,   a    single    formula    may    be 

derived  which  will  represent  fairly  well  the  entire  range  of  span 
leng^ths.  Such  a  formula  is  represented  on  the  two  diagrams  by  the 
full   line.     Its  equation  is 

100 

/= — — 


On  the  whole,  this  single  curve  fits  the  observations  quite  as   well, 
or  better  than   the  two   lines   representing  the   different   groups   of  span 
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of    the    Sub-Committee,    the    maximum    "  '''''''^'°"'>''   '"   ^he   Judgmen 
this  series  of  tests.  .         '"'-^"^"'"    ""P'^^ct    percentages    obtained    in 


SECTION   IV.     SUMMARY   OF   RESULTS. 

The  following  summary  of  results  relates  only  to  the  series  of  tests 
which  have  been  made  by  the  Sub-Committee : 

(i)  With  track  in  good  condition  the  chief  cause  of  impact  was 
found  to  be  the  unbalanced  drivers  of  the  locomotive.  Such  inequalities 
of  track  as  existed  on  the  structures  tested  were  of  little  influence  on 
impact  on  girder  flanges  and  main  truss  members  of  spans  exceeding 
60  to  75  feet  in  length. 

(2)  When  the  rate  of  rotation  of  the  locomotive  drivers  corre- 
sponds to  the  rate  of  vibration  of  the  loaded  structure,  cumulative  vibra- 
tion is  caused,  which  is  the  principal  factor  in  producing  impact  in  long 
spans.  The  speed  of  the  train  which  produces  this  cumulative  vibration 
is  called  the  "critical  speed."  A  speed  in  excess  of  the  critical  speed, 
as  well  as  a  speed  below  the  critical  speed,  will  cause  vibrations  of  less 
amplitude  than  those  caused  at  or  near  the  critical  speed. 

(3)  The  longer  the  span  length  the  slower  is  the  critical  speed 
and  therefore  the  maximum  impact  on  long  spans  will  occur  at  slower 
speeds  than  on  short  spans. 

(4-)  For  short  spans,  such  that  the  critical  speed  is  not  reached  by 
the  moving  train,  the  impact  percentage  tends  to  be  constant  so  far  as 
the  effect  of  the  counterbalance  is  concerned,  but  the  effect  of  rough 
track  and  wheels  becomes  of  greater  importance   for   such  spans. 

(5)  The  impact  as  determined  by  extensometer  measurements  on 
flanges  and  chord  members  of  trusses  is  somewhat  greater  than  the 
percentages  determined  from  measurements  of  deflection,  but  both  values 
follow  the  same  general  law. 

(6)  The  maximum  impact  on  web  members  (excepting  hip  verti- 
cals) occurs  under  the  same  conditions  which  cause  maximum  impact 
on  chord  members,  and  the  percentages  of  impact  for  the  two  classes  of 
members  are  practically  the  same. 

(7)  The  impact  on  stringers  is  about  the  same  as  on  plate  girder 
spans  of  the  same  length  and  the  impact  on  floor  beams  and  hip  verti- 
cals is  about  the  same  as  on  plate  girders  of  a  span  length  equal  to 
two  panels. 

(8)  The  maximum  impact  percentage  as  determined  by  these  tests 
is  closely  given  by  the  formula 

100 
/=  ff. 

I -I 

20000 

in  which  /  =  impact  percentage  and  /  =  span  length  iin  feet. 

(9)  The  effect  of  differences  of  design  was  most  noticeable  with 
respect  to  differences  in  the  bridge  floors.  An  elastic  floor,  such  as  fur- 
nished by  long  ties  supported  on  widely  spaced  stringers,  or  a  ballasted 
floor,  gave  smoother  curves  than  were  obtained  with  more  rigid  floors. 
The  results  clearly   indicated   a  cushioning  effect   with   respect   to  impact 
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due  to  open  joints,  rough  wheels  and  similar  causes.  This  cushioning 
effect  was  noticed  on  stringers,  floor  beams,  hip  verticals  and  short- 
span  girders. 

(id)  The  effect  of  design  upon  impact  percentage  for  main  truss 
members  was  not  sufficiently  marked  to  enable  conclusions  to  be  drawn. 
The  impact  percentage  here  considered  refers  to  variations  in  the  axial 
stresses  in  the  members,  and  does  not  relate  to  vibrations  of  members 
themselves. 

(ii)  The  impact  due  to  the  rapid  application  of  a  load,  assuming 
smooth  track  and  balanced  loads,  is  found  to  be,  from  both  theoretical 
and  experimental  grounds,  of  no  practical  importance. 

(12)  The  impact  caused  by  balanc^  compound  and  electric  loco- 
motives was  very  small  and  the  vibrations  caused  under  the  loads  were 
not  cumulative. 

(13)  The  effect  of  rough  and  flat  wheels  was  distinctly  noticeable 
on  floor  beams,  but  not  on  truss  members.  Large  impact  was,  however, 
caused  in  several  cases  by  heavily  loaded  freight  cars  moving  at  high 
speeds. 


SECTION  V.     RESULTS  OF  OTHER  EXPERIMENTS. 

ARTICLES     UPON     THE    EXPERIMENTAL    STUDY    OF    IMPACT    UPON    BRIDGES. 

Report  of  the  Commissioners  appointed  to  inquire  into  the  Applica- 
tion of  Iron  to  Railway  Structures.     London,  1849. 

This  takes  up  the  effect  of  intermittent  loads,  impacts,  moving 
loads,  etc.,  and  contains  a  mass  of  experimental  data  and  discussions  of 
great  value. 

One  set  of  experiments  by  Willis  was  to  determine  the  effect  of 
speed  of  trains  upon  the  breaking  strength  of  a  girder  bridge;  a  car- 
riage variously  loaded  was  passed  over  a  pair  of  iron  bars  9  feet  long 
at  different  velocities.  It  was  found  that  the  deflection  increased  with 
the  velocity,  at  least  up  to  a  certain  point,  and  reached  two  or  three 
times  the  static ;  but  the  bars  were  made  as  light  as  possible  to  increase 
the  observed  effect  and  were  probably  too  flexible  to  compare  with  a 
bridge. 

Ohio  Railroad  Report  for  1881.  H.  Sabine,  R.  R.  Commr.  (Rail- 
road Economics.  S.  W.  Robinson,  Van  Nostrand's  Engineering  Mag- 
azine, 1882,  Vol.  xxvi,  p.  392,  or  Van  Nostrand's  Science  Series  No.  59.) 

Seven  diagrams  are  given  for  the  motion,  both  horizontal  and  ver- 
tical, of  the  center  and  quarter  point  of  one  span  of  a  two-span  Howe 
truss  bridge  with  continuous  chords  over  the  pier.  Each  span  was  60J/2 
feet.  The  pencil  was  attached  to  a  stand  resting  on  the  ground  and  the 
paper  to  a  board  fastened  to  the  truss  and  perpendicular  to  its  axis. 

The  impact  is  given  at  from  6  to  12  per  cent,  and  the  highest  speed 
about  30  miles  per  hour. 

The  Frankel  Extcnsomctcr.  Dr.  W.  Frankel.  Der  Civilingenienr, 
1881,  Vol.  xxvii,  p.  250.  N 

An  illustrated  description  of  the  apparatus  is  given  and  three 
double-page  plates  showing  typical  extensometer  curves  for  different 
members  of  railroad  bridges  under  live  loads. 

The  discussion  and  computed  results  are  with  reference  to  sec- 
ondary stresses,  not  impact,  although  many  of  the  curves  show  the  saw 
teeth  typical  of  cumulative  vibration. 

The  Deflectonieter  and  its  use  alone  and  in  connection  zvith  the 
Extensometer.  Dr.  W.  Frankel.  Der  Civilingenienr,  1884,  Vol.  xxx, 
p.  466. 

The  dcflcctomctcr  is  shown  on  a  double-page  plate  and  exten- 
someter curves  arc  given  for  different  members  of  railroad  bridges 
under  live  loads  with  corresponding  deflection  curves  for  the  structure 
on  two  double-page  plates. 

Measurements  of  the  Deformation  of  an  Iron  Rocker  Pier  Viaduct 
over  the  Oschiilchat  at  Wcida.  Dr.  W.  Frankel.  Der  Civilingenienr, 
1887,  Vol.   xxiii,  p.  44r.     Over   1,000  diagrams   were   obtained. 
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Vibration  of  Bridges.  S.  W.  Robinson.  Trans.  Am.  Soc.  C.  E., 
1887,  Vol.  xvi,  p.  42. 

It  is  stated  that  J.  T.  Fanning  obtained  diagrams  of  the  motion  of 
a  bridge  under  live  load  in  1875  by  aid  of  a  station  near  midspan  sup- 
ported from  below.  During  Mr.  Robinson's  tours  of  inspection  of  Ohio 
railroads  several  instances  were  found  of  the  determination  of  deflection 
by  attaching  a  pencil  to  the  bridge  and  marking  upon  a  rod  set  on  the 
ground  below. 

An  indicator  for  recording  the  motion  of  the  center  of  the  bridge, 
both  lateral  and  vertical,  during  the  passage  of  a  train  was  applied  to 
thirteen  different  bridges  on  four  different  railroads  and  193  diagrams 
were  secured.     The  paper  was  moved  by  clock  work. 

Specimen  diagrams  are  given  showing  cumulation  vibration  in  a 
vertical  plane  under  the  engine  and  under  the  train. 

For  the  engine,  25  of  the  193  train  transits,  or  13  per  cent.,  gave 
cumulative  vibration  with  an  average  impact  or  increased  deflection  due 
to  vibration  of  18.4  per  cent,  and  a  maximum  of  28.6  per  cent. 

For  the  train,  11  transits,  or  6  per  cent,  (all  freight  trains),  gave 
cumulation  vibration  with  an  average  impact  of  26.4  per  cent,  and  a 
maximum  of  50  per  cent. 

Formulas  are  derived  for  the  time  of  vibration  of  car  bodies  sup- 
ported by  springs,  and  for  a  bridge  with  a  uniform  load  of  cars.  For 
most  of  the  train  transits  the  panel  length  had  a  marked  effect  on  cumu- 
lative vibration. 

Tests  of  a  Metallic  Warren  Girder  Railroad  Bridge  of  35  Meters 
Span.  M.  Ciienot,  Ingr.  des  Fonts  et  Chaussees.  Annales  des  Fonts  et 
Chaussees,  1891,  Vol.  ii,  p.  5. 

The  computed  and  measured  stresses  in  the  different  members  are 
given.  At  35  kilometers  per  hour,  about  22  miles,  the  dynamic  effect 
of  the  live  load  increased  the  stresses  22  per  cent. 

Effects  of  Rhythmic  Shocks  upon  Metallic  Bridges.  M.  Deslandres. 
Annales  des  Fonts  et  Chaussees,  1892,  Vol.  ii,  p.  765. 

Experiments  were  made  upon  a  30.3-meter  steel  truss  highway 
bridge  with  various  rolling  loads.  A  few  sample  deflection  diagrams 
are  shown.  One  shows  the  vibration  due  to  the  passage  of  a  single 
horse  and  cart  at  a  trot,  the  former  weighing  1,540  pounds  and  the 
latter  1,760,  and  giving  a  maximum  deflection  over  half  that  due  to  the 
total  live  load  capacity  of  86,000  lbs.  This  gives  a  multiplication  of 
thirteen-fold  due  to  vibration. 

Another  shows  the  curve  for  three  horses  and   carts,   weighing  less 
than    10,000    lbs.    and    giving    approximately    the    same    maximum    de- 
flection (0.18  inch)  as  the  total  live  load,  with  an  amplitude  of  vibration 
of  0.31  inch. 

Several  other  curves  are  given  to  show  the  reduction  in  vibration 
when  the  impulses  are  a  little  out  of  time  with  the  bridge. 
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A  theoretical  investigation  is  given  for  the  time  of  vibration  and 
the  computed  value  checks  the  observed  within  about  5   per  cent. 

Experimental  Investigations  upon  the  Deformation  of  Metallic 
Bridges.     M.  Rabut,  La  Genie  Civil,  1892,  Vol.  xxii,  p.  88. 

This  work  was  mainly  upon  the  deformation  of  riveted  bridges,  but 
a  few  results  are  given  for  moving  loads. 

For  the  passage  of  a  train  at  low  speed  the  same  as  after  the 
passage  of  a  train  at  any  speed,  the  vibrations  of  the  main  truss  have 
a  fixed  period  independent  of  the  train  and  of  its  velocity,  but  charac- 
teristic of  the  structure ;  the  vibrations  are  very  rt-gular,  they  continue 
for  several  seconds  and  vanish  in  passing  through  a  series  of  nodes 
and  curves.  During  the  passage  of  a  train  at  high  speed  the  total 
number  of  vibrations  is  independent  of  the  speed,  and  depends  on  the 
relative  spacing  of  train  axles  and  floor  beams ;  these  vibrations  corre- 
spond to  the  passage  of  the  axles  over  the  floor  beams,  and  the  ampli- 
tude increases  with  the  velocity.  The  velocity  has  more  effect  upon 
the  amplitude  of  the  vibrations  than  upon  the  mean  curve  upon  which 
they  are  superimposed.  For  long  structures  this  amplitude  is  only  a 
small  part  of  the  ordinate  of  the  stress  or  deflection  curve. 

For  usual  speeds  the  dynamic  effect  on  a  member  increases  with 
the  velocity  of  the  train,  with  the  freedom  of  the  member  and  in- 
versely with  its  mass.  The  excess  over  static  is  very  small  for  the 
principal  beams  of  large  structures,  especially  in  the  intermediate  panels ; 
it  is  appreciable  for  the  beams  of  small  structures  and  for  the  cross- 
beams; and  considerable  for  the  stringers,   especially  near  the  piers. 

The  article  also  included  a  brief  description  of  the  instruments 
used  for  static  deflection,  angular  deformation  and  stress,  and  for  de- 
flection and  vibration  under  moving  loads.  Some  of  the  effects  of  sec- 
ondary stresses  due  to  stiff  joints  on  the  direct  stresses  are  given. 

The  Dynamic  Effect  of  Moving  Loads  on  Bridges.  J.  Mclan.  Zeit. 
dcs  Oesterr.  Ingenieur  und  Arch.  Ver.  1893,  p.  293.  (Abstracted  in 
Proc.    Inst,   of  Civil   Engrs.      London,    1893-4.      Vol.    cxvii,    p.    411.) 

This  is  a  mathematical  treatment  in  which  the  dynamic  effects  are 
analyzed  in  four  different  classes  and  the  effects  from  each  expressed 
in  terms  of  static  stress.  For  a  speed  of  20  meters  per  second  (about 
45  miles  per  hour)  he  tabulates  each  as  a  percentage  of  the  static  and 
gives  the   sums  as  follows : 

CHORDS. 

Span   S  ID        IS        20        30        40        80       120     meters. 

Impact    76.7     46.5     38.4     33.4    27.2     22.8     15.6     12.7  per  cent. 

WED   or    A    I.ATTKKn    CIKDKR. 

Loaded  portion'       5  10        15        20        30        40        80        120  meters. 

Impact    66.5    42.8    34.6    30.1     26.2     23.2     17.4     14.9  percent. 
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CROSS    GIRDERS. 

Panel    length 1-5      2.0      3.0      4.0      5.0    meters. 

Impact    94-0    68.0    59-0    54-0    50.0  percent. 

wh'ere  the  panel  length  equals  or  is  less  than  one-tenth  the  span. 

The  Measurement  of  Live  Load  Strains  in  Bridges.  Hankenson  & 
Ledger,  Eng.  News,  1895,  Vol.  xxxiii,  p.  300. 

This  article  covers  about  31/$  pages,  with  a  double-page  diagram 
showing  some  of  the  typical  curves.  Some  of  the  diagrams  show  exces- 
sive instrumental  vibration.  Others  show  the  effect  of  cumulative  vibra- 
tion under  the  locomotive. 

Bridge  Deflection.  M.  A.  Howe.  Jour.  Assn.  of  Eng.  Soc,  1895, 
Vol.  xiv,  p.  513. 

The  apparatus  used  is  described.  The  conclusions  are  that  the 
vibrations  produced  by  the  engines  are  exceedingly  small  and  less  than 
those  produced  by  the  cars;  and  that  for  bridges  of  dimensions  and 
types  similar  to  those  examined  it  did  not  seem  necessary  to  add  any 
material  to  the  main  truss  members  to  provide  for  impact. 

In  the  Railroad  Gazette,  1895,  Vol.  xxvii,  p.  339,  P-  H.  Dudley 
shows  the  curve  traced  by  a  point  of  a  vibrating  rail  upon  a  card 
moved  by  clock  work.  The  observed  reduction  in  the  amplitude  of 
vibration  suggests  a  method  of  computing  the  rate  of  dissipation  of  the 
energy  given  to  a  vibrating  body  and  hence  the  amplitude  of  the  vibra- 
tion due  to  impulses  in  time  with  the  body. 

Practical  Methods  for  the  E.rperimental  Study  of  Metallic  Bridges. 
M.  Rabut.     An.  des  Ponts  et  Chaussees,  1896,  Vol.  xii,  p.  374. 

This  is  a  presentation  of  the  results  of  five  years'  work  iij  meas- 
uring deformations  of  metallic  bridges.  The  first  effort  was  to  im- 
prove the  types  of  construction  and  correct  the  usual  methods  of  cal- 
culation, then  to  verify  the  stability  of  all  the  metallic  structures  on 
the  system  of  I'Ouest.  Illustrated  descriptions  are  given  of  the  instru- 
ments used.     The  article  covers   107  pages. 

In  comparing  a  highway  with  a  railroad  bridge  the  following  dif- 
ferences are  brought  out.  In  the  first  the  live  load  is  much  smaller 
than  the  dead  and  it  moves  with  small  velocity ;  its  effects  proper  are 
not  very  apparent  and  they  become  sensibly  zero  in  bridges  with 
masonry  superstructure  in  which  the  static  deformation  is  always  much 
less  than  found  by  computation. 

When  the  live  load  passes  rapidly  the  oscillations  produced  are 
greater  than  the  mean  deflection  such  that  the  structure  on  its  return 
each  time  passes  its  position  of  equilibrium ;  the  curve  has  a  very  reg- 
ular sinusoidal  form.  The  period  is  constant  and  depends  almost  wholly 
on  the  structure,  while  the  amplitude  varies  according  as  the  period  is 
in  time  with  the  march  of  the  live  load;  they  are  elastic  vibrations. 
For  the  railroad  bridge,  on  the  contrary,  the  live  load  is  of  more  rela- 
tive importance  (for  the  average  structure  it  surpasses  the  dead  load) 
and    it   can    lake    a    very    high    velocity;    it    then    impresses    its    character 
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upon  the  deformation  and  the  static  deflection  which  it  produces  is 
relatively  large;  with  the  passage  at  high  speed,  save  for  very  small 
structures,  the  bridge  does  not  return  to  its  position  of  equilibrium 
until  the  load  passes  off.  The  vibrations  superimposed  upon  the  mean 
deflection  curve  are  much  less  than  the  ordinate  of  the  curve,  but  sharp 
and  irregular;  they  are  the  direct  and  immediate  effects  of  the  shocks 
which  the  train  produces  on  the  structure. 

On  the  Vibrations  Caused  by  Trains  passing  over  Iron  Bridges.  C. 
A.  Pownall  and  John  Milne.     Engineering,   i8g6.  Vol.  Ixi,  p.    iii. 

These  writers  made  observations  upon  some  typical  Japanese  rail- 
way bridges  to  obtain  the  vertical,  transverse  and  longitudinal  motions 
of  certain  bridge  members  when  subjected  to  moving  loads.  The  in- 
strument used  was  a  form  of  seismograph,  giving,  it  is  stated,  for  all 
practical  purposes,  absolute  measurements  of  the  movements  to  which 
it  is  subjected.  The  records  were  traced  upon  the  smoked  surface  of 
an  automatically  rotating  disc  by  three  writing  indices.  Six  experiments 
are  mentioned.  The  first  two  were  made  upon  a  double-track  bridge  of 
100  ft.  span,  the  third  upon  a  40  ft.  plate  girder,  and  the  other  three 
upon  a  bridge  of  200  ft.  span.  The  weight  of  metal  in  the  first  was 
70  tons,  and  in  the  last  176  tons.  The  locomotive  used  in  the  first  two 
experiments  weighed  38.4  tons  and  those  used  in  the  latter  cases  about 
28  tons.  The  speed  varied  from  11  to  24  miles  per  hour.  The  maxi- 
mum transverse  motion  was  found  to  be  about  0.99  inch  for  the  100 
ft.  span,  0.71  for  the  40  ft.  girder,  and  0.79  for  the  200  ft.  span.  The 
vertical  displacement  was  small,  only  from  o.i  to  .28  inch. 

They  reached  the  conclusion  that  relatively  large  transverse  vibra- 
tions occurred  because  the  shocks  of  impulses  were  applied  nearly  in 
synchronism  with  the  natural  period  of  transverse  vibration  of  the 
bridge. 

The  vertical  period  was  shorter  -and  therefore  the  speed  of  the 
train  was  not  great  enough  to  produce  synchronism.  It  would  thus 
seem  that  there  is  a  certain  critical  speed  at  which  the  greatest  swing 
of  a  bridge  takes  place.  This  is  not  necessarily  a  high  speed.  They 
also  reached  the  conclusion  that  the  maximum  displacement  does  not 
take  place  under  the  heaviest  wheel  load  but  depends  upon  the  distri- 
bution of  the  load. 

Kabul's  Apparatus  for  Registering  Deflections.  Bui.  Int.  Ry. 
Congress   (English  Edition),   1898,  Vol.  xii,  p.   1177. 

This  is  an  interesting  article,  "The  Report  of  Tests  of  Ultimate 
Strength  on  a  Girder  Railroad  Bridge  of  103^   ft.  Span." 

Some  Experiments  on  Bridges  under  moving  Train  Loads.  F.  E. 
Turneaure.     Trans.  Am.  Soc.  C.  E.,  1899,  Vol.  xli,  p.  410. 

Tests  were  made  on  twelve  plate  girder  bridges,  spans  25  to  80  ft., 
and  on  eleven  truss  bridges,  spans  100  to  200  ft.,  mainly  mider  regular 
railroad  traffic. 
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A  Frankel  deflectometer  gave  a  continuous  record  of  the  deflection 
of  the  structure  during  the  passage  of  the  train.  It  was  attached  at 
or  near  the  center.  Two  Frankel-Leuner  extensometers  gave  continuous 
records  of  the  extension  or  compression  of  the  portions  of  the  members 
to  which  they  were  attached.  It  was  soon  found  that  for  trusses,  the 
lower  chord,  the  main  diagonal  next  the  center,  and  the  hip  vertical, 
gave  the  most  significant  curves. 

Twelve  to  fifteen  experiments  were  the  rule  for  the  girder  bridge 
and  thirty  to  forty  for  the  truss ;  giving  a  total  of  about  400  experi- 
ments with  usually  three  curves  for  each. 

Most  of  the  experiments  were  with  the  trains  of  the  regular  traffic, 
but  on  two  different  occasions  a  special  train  was  used. 

The  dimensions  of  the  structures  and  the  results  of  the  tests  are 
given,  together  with  specimen  curves   for  deflection   and   extension. 

The  effect  of  speed  of  application  of  the  load  on  the  mean  curve 
(curve  drawn  averaging  the  inequalities  due  to  vibration)  was  unim- 
portant. 

For  speeds  greater  than  about  25  miles  per  hour  vibration  increased 
the  deflection  or  flange  stress  to  a  maximum  of  about  50  per  cent,  for 
spans  from  25  to  55  ft.  and  speeds  from  40  to  50  miles  an  hour.  For 
spans  from  60  to  85  ft.  the  maximum  was  less. 

The  cumulative  vibration  was  caused  by  the  locomotive  counter- 
weights, although  a  few  cases  were  noted  where  it  occurred  under  the 
cars ;  in  these  cases  the  panel  length  was  about  half  a  car  length. 

Determination  of  the  Safe  JVorking  Stresses  for  Raikvay  Bridges 
of  Wrought-Iron  and  Steel.  E.  Herbert  Stone.  Trans.  Am.  Soc.  C 
E.,  1899,  Vol.  xli,  p.  467. 

The  author  made  an  analysis  of  nearly  1,500  separate  observations 
of  bridge  deflections,  taken  upon  the  railway  bridges  of  India  during 
the  ten  years,  1882-1892.  These  were  made  in  various  parts  of  India 
and  upon  all  types  of  bridges  in  common  use.  The  train  speed  he 
states  may  be  taken  at  about  40  miles  per  hour.  A  curve  is  given 
showing  average  values  of  the  "immediate  effect"  of  the  moving  load 
computed  on  *he  basis  of  the  ratio  of  fixed  to  moving  load.  The  im.- 
pact  ranges  from  nearly  50  per  cent,  for  the  shortest  spans  to  4  per 
cent,  when  the  moving  load  equals  the  dead  load.  The  curve  gives  no 
information  in  regard  to  the  actual  range  of  the  values  obtained  from 
the  observations. 

Conference  upon  Bridge  Experimentation.  By  M.  Rabut,  Ingenieur 
des  Fonts  et  Chaussees.  Annales  des  Fonts  et  Chaussees,  1901,  3d  Trim., 
p.  123. 

An  illustrated  description  of  the  instruments  used  is  given  and  a 
discussion  of  the  secondary  stresses  measured  by  them  and  the  effect 
of  the  secondary  stresses  in  reducing  the  deflection  of  the  truss  as  a 
whole. 
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Typical  deflection  curves  are  given  for  a  highway  bridge  and  for 
a  railroad  bridge.  For  the  former  the  live  load  is  small  compared  with 
the  dead,  its  motion  across  the  bridge  is  slow  and  hence  without  sensi- 
ble shock,  the  average  position  of  the  deflection  curve  changes  slowly 
while  the  superimposed  vibrations  are  isochronous  and  continuous,  the 
amplitude  varying  with  the  interference  of  the  live  load  impulses  with 
the  rate  of  vibration  of  the  bridge. 

For  the  latter  the  live  load  is  always  important  and  its  high  speed 
determines  severe  shocks  w-hich  produce  sharp  changes  of  direction  in 
the  deflection  curve  at  the  instant  of  the  shock,  but  without  real 
periodicity.  For  the  highway  bridge  it  is  the  bridge  which  gives  charac- 
ter to  the  curve,  for  the  railroad  bridge  it  is  the  train ;  for  former  it 
is  the  periodicity  of  the  shocks,  in  the  latter  integral. 

There  is  no  danger  of  cumulative  vibration  with  railroad  bridges; 
it  is  a  question  of  shocks,  and  among  the  numerous  causes  which  can 
add  to  their  importance  only  two  are  worthy  of  consideration ;  these 
are:  first,  rail  joints,  and  second,  flat  spots  on  wheels.  All  other 
causes  imaginable;  movements  of  the  connecting  rods  of  the  locomo- 
tive, amount  or  character  of  car  loads,  axle  spacing,  wheel  diameter, 
tractive  efforts,  etc.,  etc.,  are  of  absolutely  secondary  importance,  and 
the  dynamics  of  metal  bridges  is  summed  up  in  two  causes:  rail  joints 
and  flat  wheels. 

In  1892  M.  Rabut  made  a  series  of  experiments  upon  a  structure 
with  a  span  of  4  meters  (13  feet),  the  viaduct  of  Meautis  near  Caren- 
tan.  It  was  necessary  to  choose  a  bridge  of  small  dimensions  in  order 
to  render  more  sensible  the  effect  of  shocks,  which  is  in  inverse  ratio 
to  the  mass.  The  same  locomotive  was  run  over  this  bridge  at  speeds 
increasing  up  to  80  kilometers   (50  miles)   per  hour. 

With  a  rail  joint  of  normal  opening  at  the  center  of  the  span,  the 
static  deflection  was  tripled  at  a  velocity  of  80  kilometers ;  with  the 
opening  reduced  to  zero  the  static  deflection  was  doubled ;  while  with 
the  opening  increased  to  2  or  3  centimeters  the  deflection  was  quin- 
tupled. 

A  curve  is  shown  for  the  passage  of  a  train  drawn  by  an  electric 
locomotive  over  a  rail  joint  on  the  Argenteuil  viaduct  at  a  speed  of  50 
kilometers  in  which  tlic  oscillations  are  as  great  as  the  flexure,  or  in 
which  the  stress  is  doubled  by  the  vibration.  The  curve  registered 
was  that  of  a  cross  brace. 

A  curve  is  also  shown  for  a  stringer  under  the  cars  behind  the 
engine.  "  The  flexure  is  very  small,  but  at  intervals  corresponding  to 
about  3  meters,  the  distance  between  axles,  a  vertical  line  cuts  the  hori- 
zontal part  of  the  curve,  and  represents  the  shock  of  a  wheel  upon  the 
rail  joint.  This  shows  a  very  great  increase  in  the  stress  upon  the 
stringer. 

These,  with  a  hundred  other  analogous  curves  wiiich  have  been 
taken,  demonstrate   the   intensify   of  the   effects   produced   by   track  joints. 
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In  testing  a  5-meter  viaduct  on  the  system  of  I'Eure  a  curve  was 
obtained  with  ahnost  no  vibration  under  the  locomotive,  but  with 
marked  vibration  under  the  tender;  in  backing  over,  the  same  thing 
occurred.  In  increasing  the  velocity  from  3  or  4  kilometers  per  hour 
to  45  or  50  the  locomotive  produced  nearly  a  constant  deflection  always 
without  vibration ;  on  the  contrary  the  vibrations  under  the  tender 
increased  to  such  a  point  that  the  total  deflection,  vibration  included, 
finally  surpassed  those  of  the  locomotive  which  weighed  twice  as  much 
as  the  tender.  Upon  examining  the  wheels  of  the  tender  there  was 
found  one  small  flat  spot.  We  see,  nevertheless,  that  this  flat  spot 
doubled  the  stress  in  the  metal. 

Upon  the  occasion  of  this  unexpected  discovery  steps  were  taken 
to  find  out  the  efifect  of  flat  spots  of  wheels  in  track  maintenance  and 
it  was  discovered  that  several  companies  had  brought  up  examples  of 
rails  broken  by  this  cause  alone.  Thus,  a  locomotive  making  the  jour- 
ney from  Paris  to  Limoges  broke  in  one  night  100  rails  on  one  side  of 
the  track,  and  the  next  day  in  returning,  50  rails  on  the  other  side ;  one 
of  the  wheels  had  a  flat  spot.  You  can  easily  judge  of  the  intensity  of 
these  shocks;  it  is  evident  that  they  can  do  much  injury  to  metallic 
bridge  floors. 

Such  are  the  lights  thrown  by  experiment  upon  the  difference  be- 
tween highway  and  railway  bridges,  that  is  to  say,  between  structures 
which  vibrate  elastically  and  those  which  have   sharp  oscillations. 

Under  the  conditions  of  good  maintenance,  according  to  the  rules 
laid  down,  i.  e.,  rails  at  least  12  meters  long,  rail  joints  reduced  to  one 
millimeter  on  the  floor  and  all  wheels  put  out  of  service  as  soon  as  any 
appreciable  flat  spots  develop,  the  maximum  impact  at  high  speed  will 
bo  50  per  cent,  for  a  span  of  4  meters : 
20    "       "  8 

ID    "      "  15 

An  examination  of  the  numerous  curves  taken  would  give  approx- 
imately for  maximum  impact, 

I 
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where  the  span  L  is  in  meters. 

Impacts,  Appendix  to  Report  of  Coiiniiittee  XV  on  Iron  and  Steel 
Structures.     Proc.  Am.  Ry.  Eng.  and  M.  W.  Assn.,  1905,  Vol  vi,  p.  255. 

Some  two  thousand  tests  on  various  members  of  different  bridges 
were  made  with  Frankel  extcnsometers  by  the  Sub-Committee  on  Im- 
pact. 

The  bridges  were  deck  plate  girders  of  spans  from  32  to  75  ft., 
and  through  pin  connected  trusses  with  stiff  and  verticals  and  end  bot- 
tom chords,  with  stringers  riveted  to  webs  of  floor  beams  and  floor 
beams  to  posts. 
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The  data  and  instruments  were  destroyed  in  the  Baltimore  fire,  but 
the  minimum  and  maximum  of  all  tests  made  on  the  individual  bridges 
give  the  impact  for  fast  over  slow  speed  as  follows : 
Plate  girders  15  to  85  per  cent,  for  span  of  31^  ft. 

36  to  71  per  cent,  for  span  of  6oJ4  ft. 

18  to  61  per  cent,  for  span  of  75J^  ft. 

Bottom  chord  of  trusses  16  to  57  per  cent,  for  span  of  100  ft. 
II  to  32  per  cent,  for  span  of  153  ft. 
18  to  50  per  cent,  for  span  of  207  ft. 

Main  and  counter  ties  of  trusses — 

16  to  58  per  cent,  for  span  of  40      ft. 

20  to  60  per  cent,  for  span  of  60      ft. 

9  to   15  per  cent,  for  span  of  ^(i^A  ft. 

5  to  49  per  cent,  for  span  of  114M  ft. 

4  to  IS  per  cent,  for  span  of  161      ft. 

Hangers    8  to  56  per  cent,  for  span  of  38  ft. 
17  to  32  per  cent,  for  span  of  46  ft. 
The    slow   speed    was    from    4    to    20    miles    per    hour    and    the    fast 
speed  from  40  to  70  miles. 


SECTION   VI.     SECONDARY   STRESSES   OBTAINED   DURING 

THE  TESTS. 

The  opportunities  afforded  by  this  series  of  tests  were  availed  of 
from  time  to  time  to  get  a  few  results  relative  to  secondary  stresses. 
The  points  which  were  particularly  considered  in  this  connection  were 
the  following: 

(i)  Unequal  stress  in  the  various  eye-bars  of  a  single  member. 
(2)  Unequal  stresses  on  different  sides  of  built-up  chords  and  diagonal 
members.  (3)  Unequal  stresses  in  vertical  posts  and  hip  verticals,  due 
especially  to  the  effect  of  the  floor  system.  (4)  Lateral  bending  of 
floor-beams  near  the  end  of  a  truss  due  to  the  pull  of  the  stringers. 
(5)   Bending  stresses  in  eye-bars  due  to  their  own  vibration. 

The  tests  were  not  planned  primarily  to  secure  information  on  sec- 
ondary stresses  and  the  instruments  were  not  designed  with  reference 
to  such  work.  It  has  been  thought  desirable,  however,  to  present  a  few 
of  the  more  reliable  and  significant  results  as  of  value  in  showing  what 
these  secondary  stresses  are  likely  to  be.  In  the  opinion  of  the  Sub- 
Committee  it  is  very  important  that  this  phase  of  the  work  be  taken  up 
as  a  special  study. 

(i)     Unequal  pull  of  eye-bars. 

Bridge   No.    12,   176-foot  pin-connected  truss.     Bottom   chord,   fourth 

panel. 

Outside  bar,  stress  =  2,290   lbs.    per   sq.   in. 

Inside    bar,   stress  =  4,400   lbs.   per  sq.   in. 
Same  member,  instruments  reversed. 

Outside  bar,  stress  ^  2,380   lbs.   per   sq.   in. 

Inside    bar,   stress  =  4,070   lbs.    per   sq.   in. 
Main  diagonal. 

Outside  bar,  stress  =  3,680   lbs.   per    sq.    in. 

Inside   bar,    stress  =  6,350   lbs.    per    sq.   in. 

(2)     Unequal  stresses  on  different  sides  of  built-up  chords  and  diagonal 
members. 

Bridge    No.    21,    64-foot    span,    pony    truss    bridge.      Bottom    chord 

(double  T-section). 

Inside  bottom  edge,  stress  =  4,620  lbs.  per  sq.  in. 

Inside  top  edge,  stress  =:  1,680  lbs.  per  sq.  in. 

Outside  bottom,  stress  =  7,200  lbs.  per  sq.  in. 

Outside  top,  stress  =  4,800  lbs.  per  sq.  in. 
Bridge  No.  26,   124-foot  span   riveted  truss.     Main   diagonal. 

Inside   top  edge,   stress  =  4,340  lbs.   per  sq.   in. 

Outside  bottom,   stress  =  3,430  lbs.   per  sq.  in. 
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(3)  Unequal  stresses  in  posts  and  hip  verticals. 

Bridge  No.    17,    160-foot  span,   pin-connected   truss.      Second  vertical 

post. 

Inside   edge,   stress  ==  1,900  lbs.    per  sq.   in.    compression. 

Outside  edge,  stress  =  3,050  lbs.  per  sq.   in.  compression. 
Same  member,  same  test,  with  load  further  advanced. 

Inside  edge,   stress  =^  2,380  lbs.  per  sq.  in.   tension 

Outside  edge,  stress^  1,460  lbs.  per  sq.  in.  compression. 
Bridge    No.    26,    300-foot    span,    pin-connected    truss.      Sixth    vertical 

post. 

Inside   north  corner,   stress  =:  3,560  lbs.   per   sq.   in.  tension. 

Outside  south  corner,  stress  =  zero. 
Bridge  No.  23,  124-foot  riveted  truss.     Hip  vertical. 

Inside  v/tst  corner,  stress  =  3.470  lbs.  per  sq.   in.   tension. 

Inside  east  corner,  stress  =  3,080  lbs.  per  sq.  in.  tension. 

Outside  west  corner,  stress  =  1,920  lbs.  per  sq.  in.   tension. 
Bridge  No.  2)7^  206-foot  span   riveted   truss.     Hip  vertical. 

Inside  east  corner,  stress  =  4,830  lbs.  per  sq.  in.  tension. 

Inside  west,  stress  =  3,000  lbs.  per  sq.  in.  tension. 

Outside  east,  stress  =  1,320  lbs.  per  sq.  in.  tension. 

Outside  west,  stress  =  840  lbs.   per  sq.  in.  tension. 
Same  member. 

Inside  east,  stress  =  4,190  lbs.  per  sq.  in.  tension. 

Inside  west,  stress  =  2,640  lbs.  per  sq.  in.  tension. 

Outside  east,  stress  =  1,710  lbs.  per  sq.  in.  tension. 

Oulside  west,  stress  =  zero. 

(4)  Lateral  bending  in  floor  beams. 

Bridge  No.   16,  228-foot  pin-connected  truss.     West  end  floor  beam, 

west  end  of  span  loaded. 

East  lower  flange,  stress  =  2,070  lbs.  per  sq.  in.  tension. 

West  lower  flange,  stress  =  zero. 
Same  beam,  bridge  fully  loaded,  cars  on  floor  beam. 

West  flange,  stress  =  3,000  lbs.  per  sq.  in.  compression. 

East  flange,  stress  =  3,940  lbs.  per  sq.  in.  tension. 
Bridge  No.  28,   124-foot  riveted  truss.     South  end  floor  beam,  train 

headed  south. 

South  flange,  stress  =  2,300  lbs.  per  sq.  in.  compression. 

North  flange,  stress  =  2,880  lbs.  per  sq.  in.  tension. 

(5)  Stresses  due   to  vibration   of  member. 

Some  of  the  most  excessive  of  the  vibrations  are  illustrated  on 
Plate  lid.  Diagram  912  is  a  record  obtained  on  a  long  diagonal  eye- 
bar.  In  this  case  the  maximum  axial  stress  was  about  3,000  lbs.  per 
sq.  in.  The  axial  stress  at  time  of  maximum  vibration  was  practically 
zero.  The  maximum  fiber  stress  due  to  this  vibration  was  about  3,500 
lbs.  per  sq.  in. 

Many  other  tests  showed  large  vibrations  of  individual  members, 
frequently  producing  stresses  as  great  as  1,000  to  1,500  lbs.  per  sq.  in. 
on  extreme  fiber  in  addition  to  the  axial  stress. 


SECTION  VII.    THEORETICAL  ANALYSIS. 

I.      TIME    OF    VIBRATION    OF    A    UNIFORMLY    LOADED    BEAM     OR    TRUSS. 

Fig.  4  represents  such  a  beam. 


Let  zv  =  dead  load  per  foot,  assumed  as  uniform ; 

p  =  live  load  per  foot,  assumed  as  uniform ; 

di  z=  center  deflection  in  feet  due  to  load  p,  as  determined  by  meas- 
urement. 

7"  =  period  of  vibration  under  load  if. 

In  applying  the  load  p  to  the  bridge  the  total  work  done  in  deflec- 
tion is 

^y=J/-T-y=-2^ioy^- ^'^ 

After  deflection  has  occurred  and  a  static  condition  reached,  imagine 
the  live  load  to  be  suddenly  lifted  from  the  bridge.  The  bridge  wil! 
then  spring  up  and  start  vibrating.  At  the  center  of  its  path  all  energy 
is  kinetic  and  must  be  equal  in  amount  to  the  potential  energy,  or 
work  W  given  above. 

Let  V  ^=  velocity  of  any  point  of  the  beam  at  its  central  position,  then  the 
total  kinetic  energy  it 

/I  I    TV                        1    TV  f  I 
^__^.^.,^--J^,,.^., (2, 

2   TT  J' 

But  for  a  simple  harmonic  motion  v=    — —,  hence   from    (2)    we  have 

A'.£.  =j4^"/^j'=^.t- (3) 

Equating    (i)    and    (3)    and  reducing  we   get 


r»: 


4ir-       « 
^       P 


Sl^"' 


d  X 


f '  y  cix 


(4) 


Assuming  a  curvature  during  vibration  to  be  similar  to  the  static  curve 

1     f-dx 


of   a    uniformly    loaded   beam    the    expression 

closely  equal  to  o.Sdi,  whence  I     ydx 

^  0 

4~-       7U 

-'^=~    ^   X  (.Sdi)    or,  very   nearly 

-^  "  =  7 ,  di  (in  foot  sec.   units) 

Under  a  load  w -{- p  the  period  of  .vibration  will  be 


is    found    to    be 
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f^u-j-  p 


If  ^-v    V    p'  ^  ^^ 
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Fig.  5- 


VIBRATION  OF  A  BEAM  DUE  TO  THE  ACTION  OF  A  REVOLVING  WEIGHT  PLACED  ON 
A  BEAM   AND  ROTATING  AT  A  UNIFORM   VELOCITY. 

In  this  case  all  the  mass  of  the  beam  is  assumed  to  be  concentrated 
at  the  center. 
Let  m  =  mass  at  center; 

M  =  mass  of  rotating  body ; 

r   =  length  of  arm  of  M ; 

/?  =  — :     This  is  relatively  quite  small. 
m, 

T  =  vibration  period  of  the  beam  alone; 

I 

f   =  frequency  of  vibration  for  beam — ■  ; 

U  =  frequency   of  rotation   of  M; 

w  =  angular  velocity  =  2  tt  f 
t  =  time  elapsing  from  initial  condition ; 

yfe  =  force  required  at  the  center  to  deflect  the  beam  a  unit  distance. 
In  the  same  manner  as  Eq.   (4)   vi^as  derived  we  readily  get  the   relation 

k 


2^2  3;^ 


4  TT^  m 
whence  k  =  — ^f^ —  =  4  tt-  mf^. 


T". 


It  is  assumed  that  at  the  beginning  the  beam  AB  \s  unstrained  and 
the  mass  m  is  at  rest  (gravity  action  will  not  be  considered)  ;  the  body 
M  is  at  the  same  level  as  m  and  on  the  left  but  that  it  is  already  in 
motion  at  the  given  rate.  As  it  moves  it  now  begins  to  exert  a  down- 
ward force  upon  m  due  to  the  vertical  component  of  centrifugal  force. 
It  then  continues  to  rotate  and  this  produces  motion  of  the  mass  m 
The  analysis  of  this  motion  is  as  follows   (Fig.  6)  : 


Fig.  6. 
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The  equation  of  force  and  acceleration  of  the  system  is 

d- y                       d-  X    , 
-M-^f={m^M)^-l^^-kx (7, 

in  which   k   is   the  upward   force  exerted  by   the   beam   upon   m   and    is 

d'- y 
proportional  to  x.     Noting  that  ~f^  ^= ''  t^"  sin  w  i,  we  have   from    (7) 

d-  X  k  M  r  w- 

^F  +  ^r:r:^-^"^'^rFi/S"^  ^^^ w 

Equation    (8)    integrates   and  reduces   to 
rR       r  .  .  .      /, 


(1  +  ^) 


[siu2.^.-^V/  +  /e.sin(^^J=3.//)] 


(9) 


M 


in  which  R   is  substituted  for   —    and  4  irm  f   for   k.    Equation    (9)    is 

m 

general  and  will  give  the  position  of  m  at  any  time  t. 

For  cumulative  vibration  the  frequencies  f  and  /i  are  equal.  Plac- 
ing these  equal  in  Eq.  (9)  and  considering  that  i?  is  a  small  quantity, 
we  have  approximately  for  such  a  case, 

R 
x  =  r—  (sin  2  w/^  t  —  2  n-/,  /cos  2-^f^t) (10) 

The  angle  2  n  fnt  is  the  total  angular  movement  of  M  in  time  t. 
Call  this  angle   ©,  then 

A* 
X  =  r  ~  (sin  6  — 9  cos  0) ( 1 1 ) 

The  value  of  x  then  varies  with  time  in  accordance  with  the  function 
sin  9  —  9  cos  0|,  whose  maximum  values  occur  for  |9  =  tt,  2  tt,  ?  tt,  etc., 
and  are  equal  to  n,  —  27r,  -\- 3w,  —  4  tt,  etc.  Fig.  7  is  a  plot  of  this 
curve. 
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SECTION   VIII. 

CONTRIBUTORS   TO   THE   IMPACT   TEST   FUND— 1907. 

Atchison,    Topeka    &    Santa    Fe    Railway $200.00 

Atlantic,  Quebec  &  Western 2.00 

Baltimore    &    Ohio    Railroad 150.00 

Bessemer  &  Lake  Erie  Railroad 5.85 

Boston   &   Maine    Railroad 100.00 

Canadian    Pacific    Railway 200.00 

Central   Railroad  of  New  Jersey 25.00 

Chicago   &   Alton    Railway 29.10 

Chicago,  Burlington  &  Quincy  Railroad 500.00 

Chicago    &    Eastern    Illinois '  24.51 

Chicago,    Indiana    &    Southern    Railroad 12.48 

Chicago    Junction    Railway 100.00 

Chicago,    Milwaukee   &    St.    Paul    Railway 500.00 

Chicago,  Rock   Island   &   Pacific   Railway 200.00 

Chicago,    St.    Paul,    Minneapolis    &   Omaha    Railway 30.OO 

Chicago    Terminal    Transfer    Railroad 10.00 

Chicago  &  Western   Indiana   Railroad 10.00 

Cincinnati,   Hamilton  &  Dayton  Railroad 20.00 

Cincinnati,    New   Orleans  &  Texas    Pacific  Railroad 18.90 

Cincinnati  Northern  Railroad 6.18 

Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway 66.00 

Delaware,   Lackawanna   &   Western    Railroad 100.00 

Elgin,  Joliet  &  Eastern  Railroad 4.20 

El    Paso   &  Southwestern    System 24.23 

Erie    Railroad    64.50 

Fonda,    Johnstown    &   Gloversville   Railroad 2.31 

Grand  Trunk  Railway  System 115-93 

Great   Northern   Railway 180.00 

Guantanamo    Railroad    (Cuba) 5.00 

Harriman   Lines    342.63 

Hocking  Valley  Railway 25.00 

Illinois    Central    Railroad 111.66 

Kansas  City,  Mexico  &  Orient  Railway 8.10 

Lake  Shore  &  Michigan  .Southern  Railway 100.00 

Lehigh   Valley   Railroad 50.00 

Long  Island  Railroad 12.00 

Louisiana    &    Arkansas    Railroad 4.33 

Louisville    &    Nashville    Railroad e 124.23 

Manila   Railroad    (Philippine   Islands) 6.00 

Michigan    Central    Railroad 65.00 

Minneapolis   &   St.   Louis   Railroad 55.28 

M'inncapolis,   St.    Paul  &   Sault   Ste.   Marie 68.43 

Mississippi  River  &  Bonne  Terrc  Railroad 10.00 

Missouri,    Kansas    &   Texas    Railway 92.16 

Missouri    Pacific    Railway 200.00 

Nashville,  Chattanooga  &  -St.  Louis  Railway 50.00 

National    Railway    of    Tchuantepec 6.30 

New    Orleans   &    Northeastern    Railroad..  T 15-33 

New    York   Central   &'   Hudson    River   Railroad 200.00 

New   York,   Chicago  &    St.    Louis    Railroad 20.00 

New  York,  Ontario  Si  Western  Railway 14.82 

57 


58  IMPACT   TESTS. 

Norfolk  &  Southern   Railway 1377 

Norfolk    &   Western    Railway 50.00 

Northern    Pacific   Railway 116.00 

Philadelphia    &    Reading    Railway 25.00 

Pittsburg  &  Lake  Erie   Railroad 100.00 

Rio  Grande,   Sierra  Madre  &  Pacific 10.00 

San  Antonio  &  Aransas   Pass  Railroad 30.00 

San   Pedro,   Los   Angeles   &   Salt   Lake   Railroad 27.93 

St.    Louis   &   San    Francisco   Railroad 100.00 

South    &    Western    Railway 4.08 

Southern    Railway    200.00 

Temiskaming   &   Northern    Ontario   Railway 5.00 

Terminal   Railroad   Association   of   St.    Louis 10.00 

Texas  Midland  Railroad. 7.50 

Virginian   Railway    10.00 

Wisconsin   Central  Railroad 30.00 

American    Bridge    Company 500.00 

Dominion    Bridge    Company 25.00 

E.   E.   Hart 10.00 

A.  J.   Himcs 10.00 

A.    W.    Johnston 10.00 

W.    B.    Poland 50.00 

Total   for    1907 $5,631.74 

CONTRIBUTORS  TO  THE  IMPACT   TEST  FUND— 1969. 

Algoma  Central  Railway $    2.80 

Atchison,   Topeka  &   Santa   Fe   Railway 200.00 

Atlanta,    Birmingham   &   Atlantic    Railroad 15.00 

Baltimore    &    Ohio    Railroad 150.00 

Bessemer    &   Lake    Erie    Railroad 5.85 

Boston   &   Maine    Railroad 100.00 

Canadian    Pacific    Railway 200.00 

Carolina,   Clinchfield  &  Ohio  Railway 7.50 

Central   of   Georgia    Railway 38.00 

Central  Railroad  of  New  Jersey 25.00 

Chicago   &   Alton    Railway 29.10 

Chicago   &  Eastern   Illinois   Railroad 24.51 

Chicago,    Indiana   &    Southern    Railroad 12.00 

Chicago,  Rock  Island  &   Pacific  Railway 200.OO 

Chicago    Terminal    Transfer    Railroad 10.00 

Chicago  &  Western   Indiana  Railroad lO.OO 

Chihuahua  &  Pacific   Railway 15.28 

Cincinnati,  Hamilton  &  Dayton  Railroad .• 20.00 

Cincinnati,   New   Orleans  &  Texas   Pacific  Railroad 18.90 

Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway 66.00 

Colorado  &   Southern  Railway 50.00 

Delaware    &    Hudson    Company 25.00 

Delaware,   Lackawanna   &   Western    Railroad 100.00 

Denver  &  Rio   Grande   Railroad 100.00 

Duluth  &  Iron  Range  Railroad 5.04 

Elgin,   Joliet   &   Eastern    Railroad 4.00 

El   Paso  &  Southwestern   System 24.23 

Erie    Railroad 64^50 

Fort   Smith  &  .Western  Railway 3*00 

Grand  Trunk  Railvi^ay  System 1 16.13 


IMPACT   TESTS.  59 

Great   Northern  Railway 180.00 

Harriman   Lines    342.63 

Hocking  Valley  Railway 25.00 

Illinois    Central    Railroad 111.66 

Kansas  City,  Mexico  &  Orient  Railway 8.10 

Lake  Shore  &  Michigan  Southern  Railway 100.00 

Lehigh   Valley   Railroad 50.00 

Long  Island   Railroad 12.00 

Louisiana    &    Arkansas    Railroad 4.33 

Louisville    &  "Nashville    Railroad e 124.23 

Michigan    Central    Railroad 65.00 

Mississippi  River  &  Bonne  Terre  Railroad 10.00 

Missouri,    Kansas   &   Texas    Railway 92.16 

Nashville,    Chattanooga   &    St.    Louis    Railway 50.00 

National    Railway    of   Tehuantepec 6.30 

New   Orleans   &   Northeastern    Railroad 15-33 

New  York  Central   &   Hudson   River   Railroad 200.00 

New  York,   Chicago  &   St.   Louis   Railroad ; 20.00 

New  York,    Ontario   &   Western    Railway 14.82 

Norfolk  &  Southern   Railway I377 

Norfolk    &   Western    Railway 50.00 

Northern    Pacific   Railway 116.00 

Pennsylvania    Lines    West    of    Pittsburg 200.00 

Pennsylvania   Railroad    250.00 

Peoria  &   Pekin   Union   Railroad 10.00 

Philadelphia    &    Reading    Railway 25.00 

St.    Louis   &    San    Francisco    Railroad 100.00 

St.    Louis    Southwestern    Railroad 50.00 

San  Antonio  &  Aransas   Pass   Railroad 30.00 

San   Pedro,   Los   Angeles   &    Salt   Lake   Railroad 27.93 

Seaboard    Air    Line 25.00 

Southern    Railway    125.00 

Terminal  Railroad   Association   of   St.    Louis 10.00 

Texas  Midland  Railroad 15.00 

Wabash    Railroad    50.00 

Dominion    Bridge    Company 25.00 

Total   for   1909 $4,206.10 

RECAPITUL.MION. 

Amount    contributed    in    U)Q7 $5,631.74 

Amount    contributed    in    1909 4,206.10 

Total    amount    collected $9,837.84 
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SUPPLEMENTARY  REPORT  ON  IMPACT. 
(Bulletin    130.) 

The  report  on  impact  presented  last  year  included  all  work  done 
up  to  that  time.  It  was  felt  bj^  the  Sub-Committee  that  the  tests  covered 
fairly  well  spans  of  from  75  ft.  up  to  perhaps  300  ft.,  but  that  it  was 
very  desirable  to  supplement  the  work  by  tests  on  some  very  long  spans, 
i.f  such  could  be  arranged.  Pursuant  to  this  opinion,  the  Sub-Committee 
carried  out  in  September,  1910,  some  tests  on  the  Baltimore  &  Ohio 
bridge  at  Havre  de  Grace,  Md.  Tests  were  made  on  a  through  span  and 
a  deck  span,  each  of  517  ft.,  and  a  through  span  of  378  ft.  The  results 
of  these  tests  are,  briefly,  as  follows: 

378-Ft.  Span. 

Critical  speed  26  to  28  miles  per  hour. 
Impact  percentages : 

Deflectometer,  3   per   cent,   to  9  per   cent. 
Lower  chord,  5  per  cent,  to  10  per  cent. 
Main  diagonal,  7  per  cent,  to  14  per  cent. 
End  post,  o  per  cent,   to  8  per  cent. 

517-Ft.  Through  Span. 

Critical  speed  18  to  22^^  miles  per  hour. 
Impact  percentages : 

Deflectometer,  2  per  cent,  to  5  per  cent. 
Lower  chord,  o  per  cent,  to  6  per  cent. 
End  post,  5  per  cent,  to  10  per  cent. 
Main  diagonal,  5  per  cent,  to  10  per  cent. 
Ninth  diagonal,  o  per  cent,  to  4  per  cent. 

517-Ft.  Deck  Span. 

Critical  speed  iSj'^  to  21^  miles  per  hour. 
Impact  percentages : 

Deflectometer,  3  per  cent,  to  7  per  cent. 
Lower  chord,  o  per  cent,  to  10  per  cent.  ; 

End  post,  4  per  cent,  to  8  per  cent. 
The  results  here  obtained,  when  combined  with  the  data  shown  on 
Plate  IX.   of  the   Impact   Report,  do  not  appear   to   modify  the   conclu- 
sions there  drawn  as  to  probable  maximum  impact. 

No  work  has  been  done  on  very  short  spans,  but  the  importance 
of  experiments  on  such  spans  is  well  appreciated  and  some  progress  has 
been  made  on  developing  an  apparatus  which  will  be  better  adapted  for 
such  work  than  that  heretofore  used. 

Satisfactory  progress  has  also  been  made  in  development  of  apparatus 
for  the  measurement  of  secondary  stresses,  and  it  is  expected  that  such 
apparatus  will  be  available  for  use  during  the  coming  summer. 
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Appendix  B. 

SECONDARY  STRESSES. 

At  the  meeting  of  last  year  the  Sub-Committee  was  authorized  by 
the  Association  to  proceed  with  tests  on  secondary  stresses.  The  Sub- 
Committee  was,  however,  unable  to  perfect  its  apparatus  in  time  to  make 
such  tests  during  the  available  weeks  of  the  summer  vacation.  It  now 
recommends  that  the  authorization  for  such  work  be  extended  to  include 
next  year.  The  funds  remaining  from  the  contributions  for  impact 
tests  are  ample  to  cover  the  cost  of  the  work  which  can  be  done  during 
the  coming  year. 
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Appendix  C. 

SPECIFICATIONS  FOR  THE  ERECTION  OF  RAILROAD 
BRIDGES. 

Work  to  Be  Done. 

1.  The  contractor  shall  erect  and  adjust  all  steel  work,  ready  for 
use. 

Plant. 

2.  The  contractor  shall  provide  all  tools,  machinery,  appliances  and 
outfit  necessary  for  the  expeditious  handling  of  the  work. 

False  Work. 

*3.  The  contractor  shall  submit  general  working  plans  sufficient  to 
show  the  proposed  method  of  erection.  When  the  falsework  is  to  be 
built  by  the  contractor,  he  shall  submit  the  design  of  the  temporary 
structure  for  the  approval  of  the  Engineer.  The  work  shall  not  proceed 
until  these  erection  plans  have  been  approved  in  writing,  but  such  approval 
shall  not  relieve  the  contractor  from  any  responsibility.  Falsework 
material  will  be  provided  by  the  Railroad  Company. 

The  temporary  structure  for  use  during  erection  and  for  maintaining 
the  traffilc  shall  be  properly  designed  and  substantially  constructed  for 
the  loads  which  shall  come  upon  it.  All  bents  shall  be  thoroughly  secured 
against  movement,  both  transversely  and  longitudinally.  The  bents  shall 
be  well  secured  against  settling,  and  piles  used  wherever  firm  bottom 
cannot  be  obtained.  Upon  completion  of  the  erection  the  temporary 
structure  shall  be  removed  without  unnecessary  damage,  and  neatly  piled 
near  the  site  or  loaded  on  cars,  as  may  be  directed. 

Falsework  placed  by  the  Railroad  Company  under  an  old  structure 
or  for  carrying  traffic  temporarily  over  a  new  opening,  may  be  used  by 
the  contractor  during  erection,  provided  it  is  not  unnecessarily  cut  and 
wasted. 

Conduct  of  Work. 

*4.  The  work  shall  be  prosecuted  with  sufficient  force,  plant  and 
equipment  to  expedite  its  completion  to  the  utmost  extent  and  in  such 
a  manner  as  to  be  at  all  times  subordinate  to  the  use  of  the  tracks  by 
the  Railroad  Company,  and  so  as  not  to  interfere  with  the  work  of 
other  contractors  or  to  close  or  obstruct  any  thoroughfare  by  land  or 
water,  except  under  proper  authority. 

Tracks  shall  not  be  cut  except  when  authorized  by  the  Engineer,  and 
trains  shall  not  be  subjected  to  any  delay  other  than  a  reduction  of  speed, 
except  when  special  authority  shall  have  been  obtained  from  the  Railroad 
Company. 


•See  amendments,  pp.  306,  307. 
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The  contractor  shall  protect  traffic  and  his  work  by  flagmen,  furnished 
by  the  Railroad   Company  at  the  expense  of  the  contractor,   and   shall 
provide   competent   watchmen   to   guard   the   work   and   material   against 
injury. 
Engine  Service. 

5.  When  worktrain  or  engine  service  is  furnished  the  contractor  free 
of  charge,  such  free  service  shall  consist  only  in  unloading  materials 
and  in  transferring  the  same  from  a  convenient  siding  to  the  bridge 
site.  When  such  service  is  desired,  the  contractor  shall  give  the  proper 
railroad  officials  at  least  24  hours'  advance  notice,  and  the  Railroad  Com- 
pany will  furnish  the  service  as  promptly  as  possible,  consistent  with  rail- 
road operations. 

When  derrick  cars  are  used  on  main  tracks,  their  movements  will 
be  in  charge  of  a  train  crew,  and  the  expense  of  this  crew  and  any  engine 
service  other  than  as  noted  above  shall  be  charged  to  the  contractor. 
Transportation. 

6.  When  transportation  of  equipment,  materials  and  men  is  furnished 
free  over  the  Railroad  Company's  line,  it  shall  be  subject  to  such  con- 
ditions as  may  be  stated  in  the  contract. 

Masonry. 

7.  The  Railroad  Company  will  finish  all  masonry  to  correct  lines, 
and  elevations,  and  unless  otherwise  stated  in  the  contract,  will  make 
all  changes  in  old  masonry  without  unnecessarily  impeding  the  operations 
of  the  contractor.  The  Railroad  Company's  engineers  will  establish 
lines  and  elevations,  but  the  contractor  will  compare  the  elevations, 
distances,  etc.,  shown  on  plans  with  the  masonry  as  actually  constructed 
so  far  as  practicable,  before  he  assembles  the  steel.  In  case  of  dis- 
crepancy, he  shall  immediately  notify  the  Engineer. 

Handling  and  Storing  IVIaterials. 

8.  Cars  containing  materials  or  plant  shall  be  promptly  unloaded 
upon  delivery,  and  the  contractor  shall  be  liable  for  demurrage  charges. 
Materials  shall  be  placed  on  skids  above  the  ground,  laid  so  as  not  to  hold 
water  and  stored  and  handled  in  such  a  manner  as  not  to  be  injured 
or  to  interfere  with  railroad  operations.  The  expense  of  repairing  or 
replacing  material  damaged  by  rough  handling  shall  be  charged  to  the 
contractor.  The  contractor,  while  unloading  and  storing  material,  shall 
compare  each  piece  with  the  shipping  list  and  promptly  report  any 
shortage  or  injury  discovered. 

Maintenance  of  Traffic. 

*9.  When  traffic  is  to  be  maintained,  it  will  be  carried  on  in  such 
a  manner  as  to  interfere  as  little  as  practicable  with  the  work  of  the 
contractor. 

Changes  required  during  erection  shall  be  at  all  times  under  the 
direct  control  and  supervision  of  the  Railroad  Company.  Any  changes 
desired  to  be  made  by  the  Railroad  Company  for  insuring  greater  safety 

♦See  j^mendments,   pftg;e  307, 
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to  traffic  shall  be  made  by  its  own  forces,  and  no  claim  on  the  part  of 

the  contractor  for  delay  or  damage  on  account  of  such  changes  will  be 

allowed. 

Removal  of  Old  Structure. 

10.  Metal  work  in  the  old  structure  shall  be  dismantled  without 
unnecessary  damage,  and  loaded  on  cars  or  neatly  piled  at  a  site  imme- 
diately adjacent  to  the  tracks,  and  at  a  convenient  grade  for  future 
handling,  as  may  be  directed.  When  the  structure  is  to  be  used  elsewhere 
all  parts  will  be  matchmarked  by  the  Railroad  Company ;  when  the  old 
bridge  is  composed  of  several  spans  the  parts  of  each  shall  be  kept 
separate. 
Steel  Work, 

*ii.  Steel  work  shall  be  handled  without  damage  or  abuse.  Threads 
of  all  pins  shall  be  protected  by  pilot  and  driving  nuts  while  being  driven 
in  place. 

Light  drifting  will  be  permitted  in  order  to  draw  the  parts  together ; 
but  drifting  for  the  purpose  of  matching  unfair  holes  shall  not  be 
permitted.    Unfair  holes  shall  be  reamed  or  drilled. 

Nuts  on  pins  and  on  bolts  remaining  in  the  structure  shall  be  effectively 
locked  by  checking  the  threads. 

All  splices  and  field  connections  shall  be  securely  bolted  prior  to 
riveting.  When  the  parts  are  required  to  carry  traffic,  important  con- 
nections, such  as  tension  splices  and  attachments  of  stringers  and  floor 
beams,  shall  have  at  least  fifty  (50)  per  cent,  of  the  holes  filled  with 
bolts,  and  twenty-five  (25)  per  cent,  with  drift  pins;  or  else,  seventy- 
five  (75)  per  cent,  filled  with  bolts.  When  not  carrying  traffic,  at  least 
thirty-three  and  one-third  (33^^)   per  cent,  of  the  holes  shall  have  bolts. 

Rivets  in  splices  of  compression  members  shall  not  be  driven  until 
the  members  shall  have  been  subjected  to  the  full  dead  load  stresses. 
Rivets  shall  be  driven  tight.  No  re-cupping  or  calking  will  be  permitted. 
The  heads  shall  be  full  and  uniform  in  size,  free  f-om  fins,  concentric 
and  in  full  contact  with  the  metal.  Heads  shall  be  painted  immediately 
after  acceptance. 

Rivets  shall  be  uniformly   and    thoroughly   heated    and  no  burnt  rivets 
shall  be  driven.     All  loose  rivets  shall  be  promptly  cut  out  and  re-driven. 
In  removing  rivets  the  surrounding  metal  shall  not  be  injured;  if  neces- 
sary, the  rivets  shall  be  drilled  out. 
Misfits. 

12.  Any  error  in  shop  work  which  prevents  the  proper  assembling 
and  fitting  up  of  parts  by  the  moderate  use  of  drift  pins,  and  a  moderate 
amount  of  reaming  and  slight  chipping  or  cutting,  shall  be  immediately 
reported  to  the  Engineer,  and  the  work  of  correction  done  in  the  presence 
of  the  Engineer,  who  shall  check  the  time  expended.  Minor  misfits  and 
a  reasonable  amount  of  reaming  shall  be  considered  as  a  legitimate  part 
of  the  erection,  but  misfits  and  badly  matched  holes,  which  require 
drilling  or  cutting  apart,  shall  be  chargeable  to  the  manufacturers. 


*See  amendments,  page  307. 
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Anchor  Bolts. 

13.  Holes  for  all  anchor  bolts,  except  where  bolts  are  built  up  with 
the  masonry,  shall  be  drilled  by  the  contractor  after  the  metal  is  in 
place,  and  shall  be  set  in  Portland  cement  grout. 

Bed  Plates. 

14.  Bed  plates  resting  on  masonry  shall  be  set  level  and  have  a  full, 
even  bearing  over  their  entire  surface ;  this  shall  be  attained  either  by  the 
use  of  Portland  cement  grout  or  mortar,  or  by  tightly  ramming  in  rust 
cement  under  the  bed  plates  after  blocking  them  accurately  in  position. 
Decks. 

*i5.     The  Railroad  Company  will  place  the  permanent  deck. 
Painting. 

*i6.  The  paint  shall  be  furnished  by  the  contractor,  and  shall  be  of 
such  color,  quality  and  manufacture  as  may  be  specified. 

Surfaces  inaccessible  after  erection,  such  as  bottoms  of  base  plates, 
tops  of  stringers,  etc.,  shall  receive  two  coats  of  paint  before  assembling 
in  place.  After  erection  the  entire  structure  shall  receive  two  coats  of 
paint,  allowing  enough  time  between  coats  for  the  first  coat  to  dry 
before  applying  the  second.  No  paint  shall  be  applied  in  wet  or  freezing 
weather,  nor  when  the  surface  of  the  metal  is  damp.  Painting  shall  be 
done  in  a  good  and  workmanlike  manner,  subject  to  strict  inspection 
during  progress  and  after  completion,  and  in  accordance  with  special 
instructions  which  will  be  given  by  the  Engineer.  All  metal  shall  be 
thoroughly  cleaned  of  dirt,  rust,  loose  scale,  etc.,  before  the  paint  is 
applied. 
Clearing  the  Site. 

17.  The  contractor,  after  completion  of  the  work  of  erection,  shall 
remove  all  old  material  and  debris  and  place  the  premises  in  a  neat 
condition.  ' 

Superintendence  and  Workmen. 

*i8.  During  the  entire  progress  of  the  work  the  contractor  shall  have 
a  competent  superintendent  in  personal  charge  and  shall  employ  skilled 
and  competent  workmen.  Instructions  given  by  the  Engineer  to  the 
superintendent  shall  be  carried  out  the  same  as  if  given  to  the  contractor. 
If  any  of  the  contractor's  employes,  by  unseemly  or  boisterous  conduct, 
or  by  incompetency  or  dishonesty,  show  unfitness  for  employment  on  the 
work,  they  shall,  upon  instructions  from  the  Engineer,  be  discharged  from 
the  work,  nor  thereafter  be  employed  upon  it  without  the  Engineer's  con- 
sent. 
Inspection. 

19.     The  work  of  erection  shall  at  all  times  be  subject  to  the  inspec- 
tion and  acceptance  of  the  Engineer. 
Responsibility. 

*20.  The  contractor  shall  assume  all  responsibility  for  loss  or  damage 
to  his  own  work,  materials  or  plant,  due  to  any  cause  whatsoever;  also, 


*See  amendments,  page  307. 
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for  all  loss  or  damage  to  the  Railroad  Company's  materials  or  property, 
and  to  other  property  adjacent  to  the  railroad,  due  to  causes  within 
his  reasonable  control. 

He  shall  assume  all  responsibility  for  injury  to  the  workmen  or  the 
public,  or  to  any  individual;  and  in  case  of  accident  or  suit  he  shall 
defend  the  suit  in  person  and  relieve  the  Railroad  Company  from  all  costs 
and   expenses,   and   pay  any  judgments   that   may  be   recovered  thereon. 

He  shall  comply  with  the  local  and  government  laws  and  ordinances 
affecting  the  manner  of  doing  work;  shall  take  out  all  necessary  permits 
and  comply  with  their  requirements,  and  shall  take  such  precautions  as 
may  be  necessary  to  protect  life  and  property. 

Insurance. 

21.  The  contractor  shall  carry  such  liability  insurance  as  is  neces- 
sary to  protect  himself  and  the  Railroad  Company  against  loss  or  damage 
caused  by  injuries  to  his  men,  and  shall  furnish  the  Railroad  Company 
a  bond  in  form  and  of  a  Surety  acceptable  to  the  Railroad  Company, 
providing  for  the  faithful  performance  of  the  work  and  all  matters  per- 
taining thereto,  in  such  sum  as  shall  be  specified  in  the  contract. 
Engineer. 

t22.  The  term  "Engineer,"  as  used  herein,  shall  be  understood  to 
mean  the  Chief  Engineer  of  the  Railroad  Company  or  his  properly  accred- 
ited representative. 

AMENDMENTS. 

Amend  the  first  paragraph  of  clause  3  of  the  "Specifications  for  the 
Erection  of  Railroad  Bridges"  to  read  as  follows : 

"3.  False- Work.  The  contractor  shall  submit  general  working  plans 
sufficient  to  show  the  proposed  method  of  erection.  False-work  will  be 
built  by  * When  the  false-work  is  to  be  built  by  the  con- 
tractor, he  shall  submit  the  design  of  the  temporary  structure  for  the 
approval  of  the  engineer.  The  work  shall  not  proceed  until  these  erection 
plans  have  been  approved  in  writing,  but  such  approval  shall  not  relieve 
the  contractor  from  any  responsibility.  False-work  material  will  be  pro- 
vided by  the  * " 

Amend  the  third  paragraph  of  clause  3  to  read  as  follows: 

"False-work  placed  by  the  Railroad  Company  under  an  old  structure 
or  for  carrying  traffic  temporarily  over  a  new  opening,  may  be  used,  as 
far  as  practicable,  by  the  contractor  during  erection,  provided  it  is  not 
unnecessarily  cut  and  wasted." 

Amend  the  second  and  third  paragraphs  of  clause  4  to  read  as  follows : 

"Tracks  shall  not  be  cut,  nor  shall  trains  be  subjected  to  any  delay 
other  than  reduction  of  speed,  except  when  authori^ed  by  the  engineer." 

"The  contractor  shall  protect  traffic  and  his  work  by  flagmen,   fur- 


•Insert  "Railroad  Company"  or  "Contractor,"  as  the  case  may  be. 
tSee  amendments,  page  307. 
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hished  by  the  railroad  company  at  the  expense  of  the  contractor,  and  he 
shall  provide  competent  watchmen  to  guard  the  work  and  material  against 
injury." 

Amend  the  second  paragraph  of  clause  9  to  read  as  follows : 

"Changes  required  during  erection  shall  be  at  all  times  under  the  direct 
control  and  supervision  of  the  railroad  company.  No  claim  on  the  part 
of  the  contractor  for  delay  or  damage  on  account  of  such  changes  will  be 
allowed." 

Amend  the  first  paragraph  of  clause  1 1  to  read  as  follows : 

"ll.  Steel  Work.  Material  shall  be  handled  without  damage.  Threads 
of  all  pins  shall  be  protected  by  pilot  and  driving  nuts  while  being  driven 
in  place." 

Amend  clause  15  to  read  as  follows : 

"15.     Decks.     The  * will  place  and  frame  the  permanent 

deck." 

Amend  the  first  paragraph  of  clause  16  to  read  as  follows : 

"16.     Painting.    The  paint  will  be  furnished  by  * ,  and 

shall  be  of  such  color,  quality  and  manufacture  as  may  be  specified." 

Amend  clause  18  to  read  as  follows : 

"18,  Superintendence  and  Workmen.  During  the  entire  progress  of 
the  work  the  contractor  shall  have  a  competent  superintendent  in  personal 
charge  and  shall  employ  only  skilled  and  competent  workmen.  Instruc- 
tions given  by  the  engineer  to  the  superintendent  shall  be  carried  out  the 
same  as  if  given  to  the  contractor.  If  any  of  the  contractor's  employes, 
by  unseemly  or  boisterous  conduct,  or  by  incompetency  or  dishonesty, 
show  unfitness  for  employment  on  the  work,  they  shall,  upon  instructions 
from  the  engineer,  be  discharged  from  the  work,  nor  thereafter  be  em- 
ployed upon  it  without  the  engineer's  consent." 

Amend  the  second  paragraph  of  clause  20  to  read  as  follows : 

"He  shall  assume  all  responsibiHty  for  injury  to  the  workmen  and  the 
public,  or  to  any  individual ;  and  in  case  of  accident  or  suit  he  shall  defend 
the  suit  in  person  and  relieve  the  railroad  company  from  all  costs  and 
expenses,  and  pay  any  judgments  that  may  be  recovered  thereon." 

Amend  clause  22  to  read  as  follows : 

"22.  Engineer.  The  term  'Engineer,'  as  used  herein,  shall  be  under- 
stood to  mean  the  Chief  Engineer  of  the  Railroad  Company  or  his  accred- 
ited representative." 


•Insert  "Railroad  Company"  or  "Contractor,"  as  the  case  may  be. 


Appendix    D. 

ON     THE     GREATEST     BENDING     PIGMENT     PRODUCED     BY 
COPPER'S   E-40  LOADING. 

(Bulletin    128.) 

By    W.    H.     ScHUERMAN,     Professor    of    Civil     Engineering,    Vanderbilt 

University. 

As  usually  stated  in  textbooks,  the  condition  for  maximum  moment  at 
any  point  of  a  span  is  that  the  average  load  on  either  side  of  the  point  must 
equal  the  average  load  on  the  span.  This  is  a  necessary  condition  for  a 
maximum  moment,  but  it  is  not  a  sufficient  condition.  In  fact,  it  is  just 
as  necessary  a  condition  for  a  minimum  moment.* 

With  concentrated  loads  applied  at  points  of  the  span  and  with  a  load 
at  either  end  of  the  span  or  at  the  point  where  the  B.  M.  (bending 
moment)  is  to  be  found  or  at  any  two  or  all  three  of  these  points,  th» 
condition  mentioned  above  cannot  in  general  be  exactly  satisfied  because 
either  or  all  of  the  average  loads  will  be  increased  or  diminished  by  a  finite 
quantity  when  the  load  moves  an  infinitesimal  distance  to  right  or  left. 
Actually,  of  course,  the  loads  are  distributed  over  small  but  measurable 
lengths  of  rail,  and  if  this  be  taken  into  account,  the  condition  can  be  ex- 
actly met.  However,  in  what  follows  it  will,  as  usual,  be  assumed  that 
the  loads  are  concentrated  at  points. 

Let  AB  be  the  span  of  length  /,  A  being  the  left  end  and  B  the  right 
end ;  C  is  the  center  of  the  span.  Let  P  be  any  point  in  the  span  at  the 
distance  x  from  A  at  which  we  are  considering  the  B.  M.  Let  the 
loads  be  designated  by  W's,  the  different  loads  being  distinguished  by 
subscripts  and  let  W^,  Wg,  and  Wp  be  the  first  loads  to  the  left  of  the 
points  A,  B  and  P  respectively,  except  when  there  is  a  load  at  any  one 
of  the  points  when  the  load  is  designated  by  the  corresponding  sub- 
script. Let  2  ;w  be  the  sum  of  any  number  of  consecutive  loads,  the 
loads  in  the  summation  being  indicated  by  the  limits  attached  to  the 
summation    sign ;    thus    the    sum    of    all    the    loads    on    the    span    would 

b 
be    2  W.     The  conditions  for  maximum  and  minimum  B.  M.'s  at  P  will 

o-fi 
be  stated  without  proof. 

(i)     No  maximum  B.  M.  can  occur  unless  there  is  a  load  at  P. 

(2)  No  minimum  B.  M.  can  occur  unless  there  is  a  load  at  A  or  B 
or  at  both. 

For    the    statement    of    additional    necessary    conditions,    all    possible 
cases  of  loading  will  be  divided  into  the  following: 
I.     When  there  is  no  load  at  either  A  or  B. 

II.    When  there  is    a    load  at  either  A  or  B. 


•See   "Modern   Framed   Structures,"   Johnson,    Bryan   &    Turneaure,    8th 
Ed.,  p.   83;   9th  Ed.,   p.   198. 
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III.     When  there  is  a  load  at  both  A  and  B. 

Each  of  these  will  be  subdivided  into  two  cases,  one  when  there  is 
a  load  at  P  and  one  when  there  is  no  load  at  P. 

I.  If  there   is  no  load  at   P,   neither  a  maximum  nor   a  minimum 

B.  M.  is  possible.     If  there  is  a  load  at  P,  a  minimum  is  impossible,  but 

.    X     b  p  p— I 

a  maximum  will  occur  if  —  2  W  be  less  than  2  W  and  greater  than  S  W. 
^  a+i  a+i  a+i 

II.  If  there  be  no  load  at  P,  a  maximum  is  impossible,  but  a  mini- 

l    P  b  6-1 

mum  will  occur  if  —  2  W  be  less  than  2  W  and  greater  than  S  W,  the  load 

^  o+i  a+i  a+i 

being  assumed  at  B. 

p 
If  there  be  a  load  at  P,  a  maximum  will  occur  if  2  W  be  greater  than 

I.  ,.  °+' 

X     t>  p—i  xb—i  p—i 

—  S  W  and  if  S  W  be  less  than  —  2  W;  a  minimum  will  occur  if  2  W  be 
^  a+i  a+i  I    a  0:f  i 

x-b  —  i  p  X    b 

greater  than  —  2  VV  and  2  W  be  less  than  —  2  W,  the  load  being  assumed 

«a+i  a+i  ^  a+i 

at  B. 

With  the  concentrated  load  at  A  instead  of  B,  the  conditions  are 
exactly  similar,  the  two  parts  into  which  P  divides  the  span  being  simply 
interchanged. 

III.  If  there  be  no  load  at  P,  no  maximum  is  possible  and  a  mini- 

p  X  b  —  i  p  V     b 

mum  will  occur  if  2  W  be  greater  than  —  2  W  and  2  W  be  less  than  —  2  W. 
a  ^   a  a  +  i  'a-fi 

P 
If  there  be  a  load  at  P,  a  maximum  will  occur  if  2  W  be  greater  than 

X     0  P— I  xb -I  p-i 

—  2  Wand  2  W  be  less  than  —  2W;  and  a  minimum  will  occur  it  2  W  be 
'o+'  a  i    a  a 

xb-^  P  V    b 

greater  than  —  2  W  and  2  W  be  less  than  —  2  W. 
*    a  a+i  /a+i 

As  a  loading  like  Cooper's  E-40  moves  across  a  span,  there  will  be 
several  maxima  and  minima  B.  M.'s  at  any  point  P.  The  calculator  of 
stresses  cannot  be  certain  he  has  used  the  position  giving  the  G.  B.  M. 
(greatest  bending  moment)  except  by  calculating  all  the  maxima  and 
using  the  largest.  The  diagram  submitted  herewith  is  intended  to  enable 
the  calculator  to  see  at  a  glance  and  without  any  calculation  the  position 
of  the  load  which  will  give  the  greatest  possible  moment,  the  engines 
being  assumed  to  face  the  left.  For  convenience  the  diagram  is  divided 
into  three,  so  that  each  can  be  placed  on  an  octavo  page  and  different 
scales  can  be  used  on  each.  Diagram  A  is  for  spans  from  200  to  700  ft. ; 
diagram  B  for  spans  from  100  to  200  ft. ;  and  diagram  C  for  spans  from 
10  to  no  ft.,  diagrams  B  and  C  overlapping  for  spans  from  100  to  no  ft. 

To  find  the  position  of  the  load  giving  the  G.  B.  M.  at  P  at  the  distance 
X  from  A  in  a  span  of  length  /,  find  the  point  in  the  diagram  whose  abscissa 
is  X  and  ordinate  /;  this  point  will  fall  in  one  of  the  areas  in  which  the 
diagram  is  divided  by  heavy  lines.    In  a  circle  in  this  arc^  will  be  found 
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the  number  of  the  wheel  which  must  be  placed  at  P  in  order  to  obtain  the 
G.  B.  M.  at  P.  For  example,  in  a  250  ft.  span,  divided  into  10  panels  of 
25  ft.  each,  the  G.  B.  M.'s  at  the  panel  points  distant  25  ft,  50  ft.,  75  ft,  ico 
ft.  and  125  ft  from  the  end,  A  will  occur  when  wheels  4,  7,  11,  13  and  16 
are  at  the  panel  points,  respectively,  the  wheel  loads  being  numbered  from 
I  to  18  inclusive. 

On  spans  from  69  ft.  to  167  ft.,  the  G.  B.  M.  for  a  point  on  the  left 
of  the  center  may  be  less  than  that  at  the  point  in  the  right  half  at  the  same 
distance  from  the  center;  for  example,  in  a  150-ft.  span  divided  into  six 
panels  of  25  ft.  each,  the  G.  B.  M.  at  the  panel  point  50  ft.  from  the  end 
will  occur  when  wheel  7  is  at  that  point ;  the  G.  B.  M.  at  the  corresponding 
panel  point  on  other  half  of  span,  which  is  100  ft.  from  left  end,  occurs 
when  wheel  14  is  at  the  panel  point,  the  load  facing  left  in  both  cases. 
The  latter  is  the  larger  and  is  the  one  to  be  used  in  calculating  chord 
stress,  since  the  G.  B.  M.  at  a  point  in  the  right  half  of  the  span  with  the 
load  facing  the  left  is  the  same  as  the  G.  B.  M.  at  that  point  in  the  left 
half,  at  same  distance  from  center,  would  be  when  the  load  faces  the 
right.  Whenever  a  point  fixed  by  length  of  span  and  distance  from  left 
end  falls  in  a  shaded  area,  it  means  that  the  G.  B.  M.  at  this  point  is  less 
than  that  at  the  point  in  other  half  of  same  span  at  same  distance  from 
center  of  span. 

For  short  spans  (less  than  60  ft.)  the  G.  B.  M.  occurs  sometimes  un- 
der two  or  more  wheels ;  in  such  cases  it  is  the  first  wheel  under  which  the 
G.  B.  M.  occurs  which  is  marked  in  the  area. 

The  position  of  loading  giving  G.  B.  M.  having  been  found  from  the 
diagram,  the  G.  B.  M.  can  be  calculated  with  the  help  of  the  Moment 
Table  or  it  may  be  found  graphically.  Moment  tables  are  sometimes 
calculated  for  all  the  wheels  except  the  first  or  except  the  first  and  second, 
etc.,  the  object  being  to  have  moment  tables  for  cases  where  the  first,  or 
first  and  second,  etc.,  wheels  are  off  the  span.  The  calculation  of  these 
additional  moment  tables  is  hardly  worth  while,  for  the  B.  M.  can  be 
calculated  from  the  following  formula, 

B.M.p  =  yM3+'-=^M^-Mp.* 

in  which  Mg,  M^,  and  Mp  are  the  moments  about  B,  A  and  P,  respectively, 
of  all  the  loads  to  the  left  of  these  points,  including  those  which  may  be 
off  the  span,  and  B.  M.p  is  the  B.  M.  at  P,  distant  x  from  A. 

For  long  spans,  at  distances  exceeding  143  ft.  from  left  end,  the 
G.  B.  M.  occurs  when  the  beginning  of  the  uniform  load  is  142  ft  from  left 
end  and  is  given  by  the  following  formula  in  m.  ft.  lbs.  (thousand-foot 
pounds),  for  the  load  per  rail: 

G.  B.  M:—{i—x)  (x-\-  ^)  * 

For  convenience,  this  formula  is  placed  on  diagram  A. 

It  is  not  worth  while  to  carry  the  moment  table  beyond  the  beginning 


•For  derivation  of  formulas  see  page  31T^ 


1=  Length  of    Span    in   Feet. 

00  itk                        d  (3^ 

o  o                     o  o 

S  o                      o  o 


1^ 


» 


itl 


m 


iSy 


m 


m 


Qt 


iit 


to  "O 


5 


N) 


CO 


M 


l^} 


l<^ 


K 


DnS»; 


rilQUn 


Xait 


CO 


Note:-    For    Qteatesi    Bending    Moment   under    Uniform    Load,  the 

Uniform    Load  should   begin    142   Feet   from    Left    End   of   Span. 

l-x 
G.B.M.   in   m.ft.lbo.for   Load   per  Rail  =  xO-x)+3Q0O- -y  • 

K  iMlnc   greater  tlxan    142   (t 

ail 


'%9aj.  ttt    o«ds    JO  H^3«^^ 
312 


zn 


314  ON  THE  GREATEST  BENDING  MOMENT. 

of  the  uniform  load,  because  when  B  falls  under  the  uniform  load, 
Mp  :=  (/  +  #)•  — 3800*,  in  which  2  =  33  —  di,  di  being  the  distance  of  Wi 
from  A,  positive  if  Wi  is  to  right  of  A  and  negative  if  to  the  left.  By 
this  formula  Mg  can  be  easily  found  with  the  help  of  a  table  of  squares. 

Diagram  D  gives  the  Moment  Table,  the  moment  being  given  for  each 
foot  from  Wi  to  the  beginning  of  the  uniform  load.  The  division  marks 
opposite  numbers  in  circles  give  the  relative  positions  of  the  concentrated 
loads ;  between  successive  circles  is  a  number  representing  the  incre- 
ment of  the  moment  for  each  foot  which  is  to  be  used  to  interpolate  for 
the  moments  between  the  ones  given  in  the  table.  The  part  between  the 
graduated  lines  is  supposed  to  represent  the  slide  on  which  the  length  of 
span  is  laid  off  and  subdivided  into  panels,  A  or  A*  being  the  left  end  of 
the  span.  On  the  slide  33  ft.  from  A  is  a  mark  which  gives  the  value  of 
z  to  be  used  in  the  formula  for  Mg  when  B  falls  under  the  uniform  load. 
By  the  help  of  the  verniers  on  the  slide,  distances  can  be  read  off  to  tenths 
of  a  foot. 

For  convenience,  the  Mjoment  Table  below  Wio  is  moved  up  on  left  of 
slide,  so  that  the  diagram  is  only  one-half  as  long  as  it  otherwise  would  be ; 
when  any  of  wheels  11  to  18  are  to  be  placed  less  than  56  ft.  from  left 
end  of  span,  the  accented  letters  are  to  be  used  in  place  of  the  unaccented 
letters;  that  is.  A'  is  to  be  the  left  end  of  the  span  and  z'  is  to  be  the 
value  of  z.  The  slide  should  extend  a  distance  below  the  A'  on  the  right 
edge  of  slide  to  enable  another  z'  to  be  marked  on  it  at  a  distance  of  33  ft. 
from  A',  so  that  as  the  z'  on  left  edge  of  slide  moves  off  the  scale  at  the 
top,  the  z'  on  right  edge  comes  on  to  the  scale  at  the  bottom.  The  writer 
has  found  it  convenient  to  paste  the  table  on  a  double  thickness  of  card- 
board, the  part  of  the  top  cardboard  between  the  graduated  lines  being 
cut  out  for  a  recess  in  which  to  place  the  slide.  The  convenient  moment 
slide  rule  just  described  can  readily  be  made  up  from  the  dia- 
gram (insert)  which  accompanies  this  paper.  Such  slide  rule  is  illustrated 
in  the  photograph,  Fig.  i. 

Should  the  table  be  made  as  described  above,  the  scale  on  left  edge  of 
diagram  D  is  of  no  use  and  can  be  cut  off  along  the  dotted  line.  Should 
a  single  length  of  table  be  preferred,  the  part  of  table  on  left  of  diagram  D 
can  be  cut  off  between  the  moments  and  the  graduated  part  on  the  right 
of  the  moments  and  pasted  so  as  to  form  a  continuation  of  the  part  of  the 
table  on  the  right,  the  graduated  left  edge  of  diagram  D  forming  then 
a  continuation  of  the  right  graduated  line  of  the  diagram. 

A  few  examples  of  the  calculation  of  the  G.  B,  M.  may  be  of  service. 
Take  a  span  of  300  ft.  divided  into  12  panels.  Diagram  A  shows  that  at  the 
center  the  G.  B.  M.  occurs  when  the  center  is  under  the  uniform  load,  the 
beginning  of  the  uniform  load  being  142  ft.  from  left  end  of  span.  The 
formula  for  this  case  gives  us 

G.  B.  M.  at  center  =  150  (150  -f  12^)  =  24,400  m.  ft.  lbs. 

At  the  panel  point  75  ft.  from  left  end  diagram.  A  shows  that  the 

•For  4«rlY9i,tlon  o{  fgrtnulas  8«e  pag?  3it^ 
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G.  B.  M.  occurs  when  Wu  is  at  that  panel  point.  Putting  the  mark  on  the 
sh'de  for  this  panel  point  under  Wn,  the  right  end  of  the  span  is  under  the 
uniform  load;  the  slide  gives  us  z  =  22,  hence  by  formula  Mg  =  322'  — 
3,800  =  99,884  m.  ft.  lbs. ;  the  slide  also  shows  that  M^  =  O  and  that 
Mp  =  5,848  m.  ft  lbs. ;  hence,  G.  B.  M.  at  this  point  =  W-99884  —  5848  = 
19,123  m.  ft.  lbs. 


Fig.  I. 

Next  take  a  iso-ft.  span  and  determine  the  G.  B.  M.'s  50  ft  and  100  ft. 
from  left  end ;  by  diagram  B,  the  G.  B.  M.  at  first  point  occurs  when  W? 
is  at  the  point  and  at  the  second  point  when  Wu  is  at  the  second  point. 
For  the  first  case  it  will  be  found  by  the  slide  that  M^  =  0,  M,.=  2,155 
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m.  ft.  lbs.  and  z  =  2o;  hence,  M  =  170'  —  3,800  =  25,100  m.  ft.  lbs.  and 
G.  B.  M.  so  ft.  from  left  end  =:  J/^.25,100  —  2,155  =  6,212  m.  ft.  lbs. 

For  the  second  point  in  this  span  the  slide  shows  that  M^  =  O,  Mp  = 
8,728  m.  ft.  lbs.  and  z  =  i2;  hence,  Mg  =  162'  —  3,800  =:  22,444  m-  ft-  lbs. 
and 

G.  B.  M.  100  ft.  from  left  end  =5^.22,444  —  8,728  =  6,235  ni.  ft.  lbs. 

For  a  final  example  let  it  be  required  to  find  the  G.  B.  M.  at  the 
center  of  a  65-ft.  plate  girder.  Diagram  C  shows  that  the  G.  B.  M. 
occurs  at  this  point  when  Wu  is  at  the  center.  The  slide  will  give  the 
following  quantities,  M^  =  2,610  + /^•ii6  =  2,677  ni.  ft.  lbs.;  Mp  =  7^668 
m.   ft.  lbs.;   Mb=  1 5.5 12+ 5^.284=  15,654  m.   ft.   lbs.,  and  for   this  case 

G.  B.  M.  =  1^.15,654  +  ^/^.2,677  — 7,668  =  1,497.5  m.  ft.  lbs. 

In  conclusion,  attention  may  be  called  to  the  fact  that  the  equation  for 

G.  B.  M.  for  the  cases  where  this  occurs  under  the  uniform  load  in  spans 

divided  into  ;t  equal  panels  each  of  length  p,  may,  if  x  =  mp,  be  put  in  the 

form  ' 

/              3800 \ 
G.  B.  M.  =  (n  — m)(mp2H j. 


DERIVATION  OF  FORMULAS. 

With  the  notation  explained  in  the  paper,  M^^  is  the  moment  about  B 
of  all  the  loads  to  the  left  of  B;  M^  is  the  moment  about  A  of  all  the -loads 
to  the  left  of  A;  hence,  the  moment  about  B  of  all  the  loads  to  the  left  of  A 
a 

is  M^  +  /S  W,  and  therefore  the   moment  about  B  of  all  the  loans  on  the 
I 

o 

span  is  Mg  —  M^  —  /  S  W;  this  divided  by  /  is  the  reaction  at  A.  Similarly 
the  moment  about  P  of  all  the  loads  on  the  span  between  A  and  P 
is  Mp  —  M^  —  %  2  W.     Consequently, 


B.M.p  = 
I  — 

I 


-(M3~M^-/SW)-(Mp-M^-.r2W)=^M3  + 
I  I  I 

-M^-Mp (,) 

2  mlbs.per  ft.  per  rail.        B 


a-d,-109) 


Fig.  I. 


Suppose  that  B  is  under  the  uniform  load  as  in  Fig.  i.     Then  since  the 
uniform  load  is  2,000  lbs.  per  ft.  per  rail. 
Mp=  16,364+  (/—cf,  — 109)284+  (/_rf,-_  109)2 

-  16,364  +  [142  +  (l~di~  i09)P  —  1422  =  (/  +  33  _  d,y-  —  3800  =: 
(/  +  zy  _  3800 (2) 

Next  suppose  both  P  and  B  to  be  under  the  uniform  load;  for  G.  B.  M 
at  P  the  average  load  on  AP  must  be  the  same  as  that  on  BP;  hence,  the 
beginning  of  the  uniform  load  must  be  at  the  distance  284/2  =142  ft.  from 
A;  hence,  di  =  142'—  109'  =  33'  and  z  in  (2)  equals  zero;  hence  for  this 
position  of  the  load  M,j  =/''^  — 3800.  P  being  also  under  tlie  uniform  load 
at  distance  x  from  A,  Mp  can  be  obtained  by  substituting  x  for  /,  z  being 
zero  as  before;  hence,  Mp  =  a.^  —  3800.  For  this  position  of  the  load  M^  =  O. 
Substituting  these  values  of  M^,  Mp  and  M^  in  (i)  we  have 

G.  B.  M.p  =  J  {r-  —  3800)  —  (.v^  —  3800)  =  .V  (/—  x)  +  3800  -—"-  = 

=<'-4^  +  ^r) '..... 


(3) 

If  the  load  on  each  driver  axle  be  E  mlbs.  instead  of  40  mlbs.,  stresses 
can  be  calculated  for  the  loading  treated  in  this  paper  and  multiplied  by 
E/40;  or  the  correction  .may  be  made  at  same  time  as  allowance  is  made 

for  impact  by  niultiplyiug  the  stresses  by  —  (  i  +  — — — ^ 

40  \  L  +  300/ ' 
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DISCUSSION. 

(The  report  on  Iron  and  Steel  Structures  was  presented  by  the  Chair- 
man, Mr.  C.  H.  Cartlidge,  Bridge  Engineer,  Chicago,  Burlington  &  Quincy 
Railroad.) 

The  President: — ^The  Committee  asks  approval  for  certain  changes  in 
the  adopted  specifications  for  Steel  Railway  Bridges,  and  the  changes  will 
be  stated  by  the  Chairman. 

Mr.  Cartlidge : — The  Committee  on  Iron  and  Steel  Structures  held  a 
joint  meeting  with  the  Roadway  Committee  for  the  purpose  of  reconciling 
the  specifications  for  clearances  in  bridges  and  tunnels,  as  instructed  by 
the  Board  of  Direction.  The  joint  meeting"  concluded  to  recommend  the 
insertion  in  clause  2  of  the  Specifications  for  Steel  Railway  Bridges,  as 
printed  in  the  edition  of  1910,  after  the  word  "diagram"  on  the  second 
line :    "The  height  of  the  rail  shall,  in  all  cases,  be  assumed  as  6  in." 

In  its  report  the  Committee  calls  attention  to  certain  typographical 
errors  which  are  of  minor  importance,  and  presumably  no  action  is 
required  on  the  part  of  the  convention. 

Your  Committee,  therefore,  asks  that  the  above  change  in  clause  2 
be  approved  and  authority  given  for  making  the  minor  corrections  set 
forth  in  the  report. 

The  President: — If  there  are  no  objections,  the  addition  to  the  Speci- 
fications for  Steel  Railway  Bridges,  as  staged  by  the  Chairman,  and  the 
corrections  indicated  in  the  report  will  be  approved. 

We  will  next  take  up  the  specifications  for  the  erection  of  railway 
bridges.  Since  the  report  has  been  put  in  print,  the  Committee  has  made 
some  changes  which  will  be  indicated  by  the  Chairman  as  we  come  to 
them.    The  Secretary  will  read  the  specifications  item  by  item. 

The  Secretary: — "i.  Work  to  Be  Done.  The  contractor  shall  erect 
and  adjust  all  steel  work,  ready  for  use. 

"2.  Plant.  The  contractor  shall  provide  all  tools,  machinery,  appli- 
ances and  outfit  necessary  for  the  expeditious  handling  of  the  work. 

"3.  False-Work.  The  contractor  shall  submit  general  working  plans 
sufficient  to  show  the  proposed  method  of  erection.  When  the  false-work 
is  to  be  built  by  the  contractor,  he  shall  submit  the  design  of  the  tem- 
porary structure  for  the  approval  of  the  engineer.  The  work  shall  not 
proceed  until  these  erection  plans  have  been  approved  in  writing,  but  such 
approval  shall  not  relieve  the  contractor  from  any  respo.isibiHty.  False- 
work material  will  be  provided  by  the  Railroad  Company. 

"The  temporary  structure  for  use  during  erection  and  for  maintaining 
the  traffic  shall  be  properly  designed  and  substantially  constructed  for  the 
loads  which  shall  come  upon  it.     All  bents  shall  be  thoroughly  secured 
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against  movement,  both  transversely  and  longitudmally.  The  bents  shall 
be  virell  secured  against  settling,  and  piles  used  wherever  firm  bottom  can- 
not be  obtained.  Upon  completion  of  the  erection  the  temporary  struc- 
ture shall  be  removed  without  unnecessary  damage,  and  neatly  piled  near 
the  site  or  loaded  on  cars,  as  may  be  directed.  ^ 

"False-work  placed  by  the  Railroad  Company  under  an  old  structure 
or  for  carrying  traffic  temporarily  over  a  new  opening,  may  be  used  by 
the  contractor  during  erection,  provided  it  is  not  unnecessarily  cut  and 
wasted." 

Mr.  Cartlidge :— In  the  first  clause  of  the  section  we  desire  to 
interpolate  a  sentence  after  the  word  "erection;"  in  the  second  line,  a  new 

sentence  reading:    "False- work  will  be  built  by  * "    In  the 

last  line,  in  that  clause,  the  words  "Railroad  Company"  to  be  replaced  by 
a  blank  space.  In  the  last  clause  in  this  section,  interpolate  in  the  second 
line,  between  "used"  and. "by,"  "as  far  as  practicable,"  so  that  this  sen- 
tence will  read,  "falsework  placed  by  the  railroad  company  under  an  old 
structure  or  for  carrying  traffic  temporarily  over  a  new  opening  may  be 
used  as  far  as  practicable  by  the  contractor  during  erection,  provided  it  is 
not  unnecessarily  cut  and  wasted."  Each  one  of  these  blank  spaces  is  to 
have  a  dagger  referring  to  the  footnote  at  the  bottom  of  the  page,  as 
fololws :    "*Insert  'Railroad  Company'  or  'contractor,'  as  the  case  may  be." 

The  President :— If  there  are  no  objections,  the  changes  stated  by  the 
Chairman  will  be  approved. 

The  Secretary :— "4.  Conduct  of  Work.  The  work  shall  be  prose- 
cuted with  sufficient  force,  plant  and  equipment  to  expedite  its  completion 
to  the  utmost  extent  and  in  such  a  manner  as  to  be  at  all  times  subordinate 
to  the  use  of  the  tracks  by  the  Railroad  Company,  and  so  as  not  to  inter- 
fere with  the  work  of  other  contractors  or  to  close  or  obstruct  any  thor- 
oughfare by  land  or  water,  except  under  proper  authority. 

^  "Tracks  shall  not  be  cut  except  when  authorized  by  the  Engineer,  and 
trains  shall  not  be  subjected  to  any  delay  other  than  a  reduction  of  speed, 
except  when  special  authority  shall  have  been  obtained  from  the  Railroad 
Company. 

"The  contractor  shall  protect  traffic  and  his  work  by  flagmen,  furnished 
by  the  Railroad  Company  at  the  expense  of  the  contractor,  and  he  shall 
provide  competent  watchmen  to  guard  the  work  and  material  against 
injury." 

Mr.  C.  F.  Loweth  (Chicago,  Milwaukee  &  St.  Paul)  :— I  do  not  like 
the  wording  of  the  second  paragraph.  It  requires  the  contractor  to  get 
authority  for  cutting  tracks  from  the  engineer,  and  in  the  last  line  to  ask 
for  certain  other  authority  from  the  Railroad  Company.  I  think  the  con- 
tractor should  look  to  the  same  person  for  all  the  information  and  direc- 
tion necessary  in  the  conduct  of  his  work.  I  would  move,  therefore,  that 
this  clause  be  changed  to  read,  "Tracks  shall  not  be  cut,  nor  shall  trains 
be  subject  to  any  delay  other  than  a  reduction  of  speed,  except  when 
authorized  by  the  engineer." 

The  President :— The  Committee  accepts  that  amendment. 


320  IRON  AND  STEEL  STRUCTURES. 

Mr.  C.  H.  Spencer  (Washington  Terminal)  : — Would  this  allow  the 
contractor  to  cut  the 'tracks? 

The  President : — Not  without  permission  of  the  engineer. 

Mr.  C.  H.  Spencer : — I  do  not  think  it  is  good  policy  to  have  anyone 
but  the  Maintenance  of  Way  force  cut  the  tracks  or  in  any  way  change  the 
tracks.  It  seems  to  me  that  at  least  should  be  done  under  the  supervision 
of  the  engineer.  I  would  like  to  see  that  changed  to  read,  "except  under 
the  supervision  of  the  engineer." 

The  President : — Mr.  Spencer,  will  you  kindly  indicate  how  you  would 
like  to  have  that  clause  read? 

Mr.  Spencer : — Aside  from  Mr.  Loweth's  recommendation,  I  would 
like  to  have  that  read,  "tracks  shall  not  be  cut  except  under  the  supervision 
of  the  engineer."  In  other  words,  I  do  not  believe  the  mere  authority  of 
the  engineer  for  cutting  the  tracks  is  sufficient.  It  should  be  done  under 
his  supervision  and  inspection. 

The  President : — Is  that  acceptable  to  you,  Mr.  Loweth,  as  part  of 
your  amendment? 

Mr.  Loweth : — I  do  not  think  the  engineer  would  authorize  such  a 
thing  to  be  done  without  hemming  it  around  with  such  safeguards  as  might 
be  necessary.  There  may  be  cases,  especially  on  unimportant  tracks,  where 
it  would  be  quite  proper  to  allow  the  contractor  to  cut  the  track.  If  he  is 
required  first  to  obtain  authority,  the  engineer  can  prescribe  the  necessary 
precautions. 

The  President: — .The  Committee  accepts  the  suggestion  of  Mr.  Low- 
elc,  and  will  so  amend  the  clause. 

Mr.  Thomas  Earle  (Pennsylvania  Steel  Company)  : — In  the  first  clause 
it  says,  "and  so  as  not  to  interfere  with  the  work  of  other  contractors." 
In  doing  work  of  that  kind,  if  there  are  two  or  three  contractors,  it  is 
unavoidable  that  one  will  interfere  with  the  other,  and  as  the  work  is  done 
under  the  supervision  and  in  accordance  with  the  directions  of  the  engi- 
neer, it  seems  to  me  it  would  be  better  to  leave  those  words  out. 

The  President: — The  Committee  is  not  willing  to  accept  that. 

Mr.  W.  F.  Stefifens  (Boston  &  Albany)  : — In  the  last  clause  of  para- 
graph 4  is  the  usual  flagman  provision.  On  some  railroads  there  is  a 
question  of  the  responsibility  of  the  flagmen  involved,  and  their  contracts 
provide  that  the  flagmen  shall  be  the  servants  of  the  contractor,  in  order 
to  concentrate  responsibility. 

The  President: — Any  further  discussion?  If  not,  we  will  proceed  to 
clause  5. 

The  Secretary : — "5.  Engine  Service.  When  worktrain  or  engine 
service  is  furnished  the  contractor  free  of  charge,  such  free  service  shall 
consist  only  in  unloading  materials  and  in  transferring  the  same  from  a 
convenient  siding  to  the  bridge  site.  When  such  service  is  desired,  the 
contractor  shall  give  the  proper  railroad  officials  at  "east  24  hours'  advance 
notice,  and  the  Railroad  Company  will  furnish  the  service  as  promptly  as 
possible,  consistent  with  railroad  operations. 

"When  derrick  cars  are  used  on  main  tracks,  their  movements  will  be 
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in  charge  of  a  train  crew,  and  the  expense  of  this  crew  and  any  engine 
service  other  than  as  noted  above  shall  be  charged  to  the  contractor." 

Mr.  Loweth  :— I  think  that  the  two  clauses  of  article  5  may,  at  times, 
be  in  conflict.  It  is  provided  in  the  first  clause  that  work-train  service 
for  unloading  material  and  transferring  from  siding  to  bridge  site  will  be 
furnished  free.  Frequently  material  is  unloaded  from  the  cars  in  which  it 
was  shipped  from  the  shops  and  put  directly  into  the  structure,  and  some- 
times it  is  taken  from  the  nearest  yard  or  siding  a^d  put  into  place  in  the 
structure.  There  would  be  doubt  as  to  whether  free  work-train  service 
was  to  be  furnished  in  these  cases.  Again,  the  operations  just  referred  to 
may  be  by  derrick  cars,  in  fact  frequently  are,  and  the  wording  of  the 
second  clause  would  in  such  cases  conflict  with  the  first.  I  think  there 
should  be  a  more  definite  statement  as  to  work-train  charges. 

Mr.  J.  P.  Snow  (Boston  &  Maine)  :— I  have  found  it  necessarv,  in 
cases  such  as  Mr.  Loweth  has  instanced,  to  make  an  estimate  of  what 
would  be  a  fair  charge  for  unloading,  on  the  supposition  that  the  whole 
carload  was  unloaded  beside  the  track  promptly — I  do  not  know  how  the 
clause  can  be  changed  with  benefit,  if  the  material  is  put  in  place.  Of 
course,  the  contractor  must  not  expect  he  is  going  to  have  free  service 
while  he  is  erecting  his  bridge;  and  in  that  case  you  can  simply  make  an 
estimate  of  how  long  it  would  take  the  train  crew  to  unload  the  material 
in  the  ordinary  way.  I  think  the  clause  is  pretty  good  as  it  stands.  The 
word  "only"  helps  the  matter  out. 

The  President: — Mr.  Loweth,  have  you  in  mind  any  suggestion  to 
modify  those  clauses? 

Mr.  Loweth :— It  would  take  a  pretty  general  overhauling  of  the 
clauses  to  eliminate  the  ambiguity.  There  may  be  no  conflict  with  certain 
methods  which  the  contractor  might  adopt  for  handling  his  woik,  but  with 
some  other  methods  used  quite  extensively,  there  certainly  would  be  ambi- 
guity as  to  the  extent  of  the  free  work-train  service  to  be  furnished  the 
contractor.  I  think  the  Committee  can  readily  eliminate  the  difficulty,  now 
that  attention  has  been  called  to  it. 

Mr.  H.  T.  Porter  (Bessemer  &  Lake  Eric)  :— Clause  5  begins,  "when 
work-train  or  engine  service  is  furnished  the  contractor  free  of  charge"— I 
v/ould  like  to  suggest  omitting  the  words  "free  of  charge."  Then  follows : 
"Such  free  service  shall  consist  only  in  unloading  materials  and  in  trans- 
ferring the  same  from  a  convenient  siding  to  the  bridge  site."  I  would 
like  to  suggest  omitting  the  word  "free."  This  service,  under  the  Inter- 
state rules,  I  understand,  cannot  be  furnished  unless  it  is  a  part  of  the 
contract  by  which  the  structure  is  furnished,  so  that  it  is  not  necessary  here 
t.i  know  whether  it  is  free  or  whether  it  is  to  be  paid  for.  but  is  simply  a 
guide  in  showing  what  kind  of  service  should  be  furnished  to  the  con- 
tractor, which  may  either  be  paid  for  by  the  contractor  or  may  be  fur- 
nished free,  in  accordance  with  the  contract,  so  that  it  would  read:  "When 
work-train  or  engine  service  is  furnished  the  contractor,  such  service  shall 
consist  only  in  unloading  materials,  and  in  transf^-rring  the  same  from  a 
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convenient  siding,"  etc.  Then  follows  the  clause  which  shows  the  notice 
necessary  to  give  the  company. 

The  President: — The  Committee  is  not  willing  to  accept  that.  Are 
you  willing  to  offer  an  amendment,  Mr.  Porter? 

Mr.  Porter: — No,  I  will  let  it  go. 

Mr.  C.  E.  Smith  (Missouri  Pacific)  : — In  general,  the  cost  of  work- 
train  service  in  connection  with  bridge  erection  forms  a  large  part  of  the 
cost.  From  an  economic  standpoint,  it  is  desirable  to  promote  the  use  of 
self-propelling  apparatus  by  contractors  and  also  by  railroad  companies. 
An  erection  contractor  is  now  working  on  our  lines  under  a  contract  that 
provides  no  work-train  service  on  branch  lines,  and  the  contract  price  was 
increased  only  slightly  by  that  provision.  I  think  it  is  desirable  to  cut  out 
the  work-train  service  entirely  from  the  contract.  The  time  of  24  hours 
for  notice  when  work-train  service  is  desired  appears  too  short.  We  find 
we  cannot  get  a  work  train  to  any  one  point  on  24  hours'  notice. 

The  President : — The  clause  reads :  "At  least  twenty-four  hours'  no- 
tice."   You  can  have  as  much  as  you  please. 

Mr.  Loweth : — I  move  that  clause  5  be  referred  back  to  the  Committee 
for  further  consideration. 

Mr.  Cartlidge : — The  Committee  will,  of  course,  accept  the  work  placed 
upon  it,  but  it  would  be  very  much  obliged  to  Mr.  Loweth  for  an  expres- 
sion of  opinion  as  to  the  changes  to  be  made.  The  Committee  has  gone 
over  the  matter  as  carefully  as  it  could,  and  we  fail  to  see  what  is  intended 
in  the  way  of  change,  and  if  Mf.  Loweth  will  communicate  with  the  Com- 
mittee, we  will  be  very  glad,  indeed,  to  consider  his  proposition. 

Mr.  F.  E.  Schall  (Lehigh  Valley)  :— It  appears  to  me  that  this  Com- 
mittee should  put  some  kind  of  a  limit  on  the  free  transportation  service 
furnished  by  the  Railroad  Company.  The  contractor  might  take  advan- 
tage of  the  unlimited  time  for  this  service  and  unload  the  material  as  most 
convenient  for  erection,  irrespective  of  the  expense  to  the  Railroad  Com- 
pany. The  most  satisfactory  way  is  to  let  the  contractor  pay  for  any 
transportation  service  rendered  for  delivering  the  material  to  the  nearest 
station  and  also  for  transporting  it  to  the  site. 

The  President: — The  Committee  claims  to  have  met  that  situation  by 
stating  that  free  service  shall -be  furnished  only  in  the  unloading  of  mate- 
rial. The  question  is  on  Mr.  Loweth's  motion  to  refer  back  to  the 
Committee. 

(The  motion  carried.) 

The  Secretary : — "6.  Tr.\nsportation.  When  transportation  of  equip- 
ment, materials  and  men  is  furnished  free  over  the  Railroad  Company's 
line,  it  shall  be  subject  to  such  conditions  as  may  be  stated  in  the  contract." 

The  President :— Mr.  Porter,  that  covers  your  suggestion  that  the  con- 
tract shall  govern  in  the  matter  of  free  transportation.  If  there  is  no  dis- 
cussion, we  will  pass  on  to  the  next. 

The  Secretary : — "7.  Masonry.  The  Railroad  Company  will  finish  all 
masonry  to  correct  lines,  and  elevations,  and  unless  otherwise  stated  in  the 
contract,  will  make  all  changes  in  old  masonry  without  unnecessarily  in;- 
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peding  the  operations  of  the  contractor.  The  Railroad  Company's  engineers 
will  establish  lines  and  elevations,  but  the  contractor  will  compare  the  ele- 
vations, distances,  etc.,  shown  on  plans  with  the  masonry  as  actually  con- 
structed so  far  as  practicable,  before  he  assembles  the  steel.  In  case  'bf 
discrepancy,  he  shall  immediately  notify  the  engineer." 

Mr.  Steffens : — I  should  like  to  see  the  second  sentence  stricken  out, 
so  that  it  will  simply  read :  "The  Railroad  Com.pany's  engineers  will 
establish  lines  and  elevations."    Let  it  stop  there ;  eliminate  the  rest  of  it. 

The  President: — The  Committee  makes  the  pomt  that  it  is  not  advis- 
able to  eliminate  this,  because  they  want  the  contractor  to  check  the  meas- 
urements and  be  a  check  on  the  work. 

Mr.  Snow : — Does  the  Committee  desire  that  the  contractor  shall  send 
an  engineer  with  instruments,  etc.,  to  check  elevations  and  distances? 

Mr.  Cartlidge: — In  the  original  draft  of  this  article  there  appeared 
some  reference  to  the  use  of  a  carpenter's  level  and  a  steel  tape,  so  we  put 
in  here  that  he  use  such  appliances  as  he  has  at  hand  which  which  to  check 
and  satisfy  himself  that  there  is  no  gross  error  and  that  his  own  measure- 
ments and  preparations  are  adequate. 

Mr.  C.  E.  Smith : — It  has  been  my  experience  that  unless  you  have  that 
clause  in  the  contract  with  a  penalty  attached  to  it,  the  contractor  will  go 
ahead  with  the  work  until  he  finds  a  discrepancy,  and  then  will  notify  the 
engineer;  unless  you  put  in  a  clause  to  make  him  responsible  for  the 
checking,  he  will  not  be  so  careful.  I  think  the  clause  should  be  changed 
as  Mr.  Steffens  has  moved  that  it  be  changed. 

(The  motion  carried.) 

The  President : — Everything  will  be  eliminated  in  clause  7  after  the 
word  "elevations." 

Mr.  A.  F.  Robinson  (Santa  Fe)  : — This  clause  is  intended  to  prevent 
long  delays  or  the  getting  out  of  a  lot  of  material  onto  a  bridge  for  assem- 
bling, only  to  find  cut,  after  they  get  a  couple  of  hundred  tons  of  metal 
stretched  out,  that  the  distance  between  parapet  walls  is  incorrect,  or  some- 
thing is  incorrect.  The  engineer  who  has  established  the  levels  and  the 
lines  is  usually  not  on  the  ground  when  the  superstructure  is  erected,  and 
what  was  intended  in  the  specification  was  advice  to  the  contractor  that 
before  he  commences  running  out  iron  onto  his  false-work,  he  should 
make  his  necessary  rough  checks  to  see  whether  the  distance  from  base 
of  rail  to  masonry  would  allow  his  iron  to  go  on  in  or  whether  he  could 
get  his  iron  in  between  the  parapet  walls  or  on  the  piers. 

Mr.  C.  E.  Smith : — In  further  reply  to  Mr.  Robinson,  I  would  like  to 
state  a  case  that  happened  on  the  main  line  of  the  Iron  Mountain  about  three 
years  ago.  A  contractor  was  iititting  in  a  small  bridge,  I  think  a  36-ft.  lift 
span.  The  contract  provided  that  the  contractor  was  to  check  the  masonry 
work  before  he  started  work.  He  slid  the  old  span  out,  and  tried  to  get 
the  new  span  in,  but  could  not  because  the  steel  was  a  little  bigger  than 
the  opening.  The  main  line  was  tied  up  about  twelve  hours.  I  do  not 
doubt  that  there  are  other  members  who  could  give  similar  experiences. 
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There  was  no  redress  against  the  contractor,  because  the  specifications 
simply  said  he  should  "check." 

Mr.  CartHdge : — It  occurs  to  me  the  difficulty  was  not  with  the  speci- 
fications, but  with  the  failure  to  enforce  them. 

The  President : — The  Chairman  wishes  to  go  back  to  clause  7  and  make 
a  slight  change. 

Mr.  Cartlidge : — 'The  amendment,  which  was  passed  on  Mr.  Steffens' 
motion,  provides  for  the  elimination  of  the  whole  of  the  last  sentence  but 
one,  and  the  last  sentence,  after  the  word  "elevations"  in  the  fifth  line. 
It  seems  to  me  there  is  a  repetition  there. 

Mr.  Steffens : — The  second  sentence  states  that  the  railroad  engineers 
shall  give  those  lines. 

Mr.  Cartlidge : — I  move  that  the  words,  "the  railroad  company's  engi- 
neers will  establish  lines  and  elevations,"  beginning  with  the  fourth  line, 
be  omitted. 

Mr.  C.  A.  Morse  (Santa  Fe)  : — I  do  not  think  we  ought  to  do  that. 
We  build  the  masonry,  and  there  should  be  a  center  line  on  the  abutments 
for  the  bridgemen,  when  they  come  to  put  in  the  iron  work  I  do  not  care 
anything  about  the  elevation,  but  I  think  a  center  line  should  be  estab- 
lished. 

Mr.  Cartlidge : — I  think  that  is  implied  in  the  first,  and  that  the  second 
reading  is  simply  a  repetition  of  what  is  said  in  the  first  line  of  the  first 
sentence. 

Mr.  Snow : — We  have  referred  one  of  these  things  back  to  the  Com- 
mittee. Why  would  it  not  be  best  to  refer  No.  7  back  also  and  let  them 
see  if  they  cannot  introduce  a  requirement  somehow,  so  that  the  contractor 
shall  have  a  little  responsibility?  If  it  is  in  order,  I  will  move  that  clause  7 
be  referred  back  to  the  Committee. 

The  President : — The  Committee  accepts  that  suggestion. 

The  Chairman  withdraws  his  motion  to  strike  out  that  sentence  and 
is  willing  to  accept  Mr.  Snow's  suggestion  to  have  it  referred  back  to  the 
Committee,  and  if  there  is  no  objection  the  matter  will  stand  in  that  way. 

The  Secretary: — ."8.  Handling  and  Storing  Materials.  Cars  con- 
taining materials  or  plant  shall  be  promptly  unloaded  upon  delivery,  and 
the  contractor  shall  be  liable  for  demurrage  charges.  Materials  shall  be  placed 
on  skids  above  the  ground,  laid  so  as  not  to  hold  water,  and  stored  and 
handled  in  such  a  manner  as  not  to  be  injured  or  to  interfere  with  railroad 
operations.  The  expense  of  repairing  or  replacing  material  damaged  by 
rough  handling  shall  be  charged  to  the  contractor.  The  contractor,  while 
unloading  and  storing  material,  shall  compare  each  piece  with  the  ship- 
ping list  and  promptly  report  any  shortage  or  injury  discovered." 

Mr.  C.  E.  Smith : — Clause  8  appears  to  asr.ume  that  all  the  material  will 
be  unloaded  by  the  contractor.  While  this  is  possible  in  the  case  of  one  or 
two  bridges  of  considerable  tonnage,  it  is  not  likely  to  be  economical  in 
the  case  of  a  large  number  of  bridges  of  small  tonnage,  for  the  contractor 
will  run  up  excessive  charges  by  having  his  men  running  around  from 
point  to  point.    I  move  that  there  be  inserted  at  the  beginning  of  the  third 
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line  preceding  the  word  "materials"  the  following:  "Where  steel  work  is 
to  be  unloaded  by  the  contractor,  the  material  shall  be  placed  on  skids 
above  the  ground,"  etc. 

Mr.  Snow: — I  ask  Mr.  Smith  if  it  is  not  a  good  idea  for  the  railroad 
people  to  put  that  stufif  on  skids? 

The  President : — The  Committee  is  not  willing  to  accept  that  amend- 
ment. 

Mr.  Steffens : — This  sentence,  as  it  now  stands,  makes  a  contractor 
liable  for  demurrage  charges,  even  when,  as  Mr.  Smith  cites,  the  railroad 
company  is  under  obligations  to  unload.  Frequently,  however,  the  railroad 
does  not  unload  the  material. 

The  President :— Does  the  Committee  understand  that  Mr.  Steffens 
would  suggest,  in  case  the  unloading  is  to  be  done  by  the  railroad  com- 
pany and  the  car  is  unduly  delayed,  that  the  contractor  would  be  held  by 
the  railroad  company  for  demurrage  charges?  We  would  like  to  know  if 
it  is  Mr.  Steffens'  idea  if  the  railroad  company  assumes  the  work  of  un- 
loading material  and  unduly  delays  the  cars,  if  it  would  attempt  to  collect 
demurrage  charges  under  this  specification? 

Mr.  Steffens : — There  is  nothing  in  the  first  sentence  to  prevent  that. 

The  Secretary : — "9.  Maintenance  of  Traffic.  When  traffic  is  to  be 
maintained,  it  will  be  carried  on  in  such  a  manner  as  to  interfere  as  little 
as  practicable  with  the  work  of  the  contractor. 

"Changes  required  during  erection  shall  be  at  all  times  under  the 
direct  control  and  supervision  of  the  Railroad  Company.  Any  changes 
desired  to  be  made  by  the  Railroad  Company  for  insuring  greater  safety 
to  traffic  shall  be  made  by  its  own  forces,  and  no  claim  on  the  part  of 
the  contractor  for  delay  or  damage  on  account  of  such  changes  will  be 
allowed." 

The  President : — In  the  second  paragraph  of  clause  9,  beginning  with 
the  word  "any,"  in  the  next  to  the  last  line,  the  Committee  proposes  to 
eliminate  the  sentence  "any  changes  desired  to  be  made  by  the  Railroad 
Company  for  insuring  greater  safety  to  traffic  shall  be  made  by  its  own 
forces."  We  also  omit  the  word  "and"  and  begin  the  sentence  "no  claim 
on  the  part  of  the  contractor  for  delay  or  damage  on  account  of  such 
changes  will  be  allowed." 

If  there  is  no  further  discussion  or  motion  on  the  subject,  we  will 
proceed  to  clause  10. 

The  Secretary: — "10.  Removal  of  Oi.i)  Structure.  Metal  work  in  tlie 
old  structure  shall  be  dismantled  without  unnecessary  damage,  and  loaded 
on  cars  or  neatly  piled  at  a  site  immediately  adjacent  to  the  tracks,  and  at 
a  convenient  grade  for  future  handling,  as  may  be  directed.  When  the 
structure  is  to  be  used  elsewhere  all  parts  will  be  matchmarked  by  the 
Railroad  Company;  when  the  old  bridge  is  composed  of  several  spans  the 
parts  of  each  shall  be  kept  separate." 

Mr.  Steffens: — The  first  sentence  of  No.  10  implies  that  all  structures 
are  to  be  used  again;  that  is,  shall  be  dismantled  without  unnecessary 
damage.     The  second  sentence  begins   "when   tlu-   structure  is   to  be   used 
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elsewhere,"  implying  that,  under  some  circumstances,  the  contrary  might 
be  true.  It  would  be  well  to  have  the  first  sentence  begin,  "unless  other- 
wise ordered,"  as  a  large  number  of  old  bridges  taken  out  to-day  are 
scrapped  immediately,  burned  apart  and  taken  down  in  all  sorts  of  ways. 
There  is  a  conflict  of  ideas  between  the  two  sentences  as  they  now  stand. 

The  President : — The  Committee  thinks  that  is  immaterial.  Do  you 
want  to  make  a  motion  to  that  eflfect  ? 

Mr.  Steflfens : — I  move  that  the  words  "unless  otherwise  ordered"  be 
inserted  before  the  first  sentence. 

Mr.  H.  A.  Lloyd  (Erie)  : — ^That  seems  to  me  unnecessary.  This  mat- 
ter is  going  back  to  the  Committee,  and  the  Committee  has  our  suggestions 
as  to  the  changes,  and  we  do  not  need  to  decide  here  whether  this  change 
or  that  change  shall  be  made. 

Mr.  Steffens : — I  do  not  desire  to  urge  my  motion.  It  was  made  as 
the  result  of  the  President's  suggestion. 

The  Secretary: — "ii.  Steel  Work.  Steel  work  shall  be  handled  with- 
out damage  or  abuse.  Threads  of  all  pins  shall  be  protected  by  pilot  and 
driving  nuts  while  being  driven  in  place. 

"Light  drifting  will  be  permitted  in  order  to  draw  the  parts  together ; 
but  drifting  for  the  purpose  of  matching  unfair  holes  shall  not  be  per- 
mitted.   Unfair  holes  shall  be  reamed  or  drilled. 

"Nuts  on  pins  and  on  bolts  remaining  in  the  structure  shall  be  eflfect- 
ively  locked  by  checking  the  threads. 

"All  splices  and  field  connections  shall  be  securely  bolted  prior  to 
riveting.  When  the  parts  are  required  to  carry  traffic,  important  con- 
nections, such  as  tension  spHces  and  attachments  of  stringers  and  floor 
beams,  shall  have  at  least  fifty  (50)  per  cent,  of  the  holes  filled  with 
bolts,  and  twenty-five  (25)  per  cent,  with  drift  pins;  or  else,  seventy-five 
(75)  per  cent,  filled  with  bolts.  When  not  carrying  traffic,  at  least  thirty- 
three  and  one-third  (33^)  per  cent,  of  the  holes  shall  have  bolts. 

"Rivets  in  splices  of  compression  members  shall  not  be  driven  until  the 
members  shall  have  been  subjected  to  the  full  dead  load  stresses.  Rivets 
shall  be  driven  tight.  No  re-cupping  or  calking  will  be  permitted.  The 
heads  shall  be  full  and  uniform  in  size,  free  from  fins,  concentric  and  in 
full  contact  with  the  metal.  Heads  shall  be  painted  immediately  after 
acceptance. 

"Rivets  shall  be  uniformly  and  thoroughly  heated  and  no  burnt  rivets 
shall  be  driven.  All  loose  rivets  shall  be  promptly  cut  out  and  re-driven. 
In  removing  rivets  the  surrounding  metal  shall  not  be  injured;  if  neces- 
sary, the  rivets  shall  be  drilled  out." 

The  President: — The  Committee  desires  to  change  the  words,  "steel 
work,"  in  the  first  line  to  "material." 

Mr.  William  McNab  (Grand  Trunk)  :— Vv^ill  the  Committee  consent  to 
eliminate  the  words  "or  abuse"  at  the  end  of  the  first  sentence? 

The  President: — The  Committee  accepts* that. 

Mr.  Steflfens : — •!  should  like  to  ascertain  the  views  of  the  members 
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as  to  whether  it  is  good  practice  to  depend  entirely  on  bolts  alone,  without 
pins,  to  carry  traffic  ? 

There  is  nothing  stated  relative  to  additional  rivets  required  beyond 
the  usual  number,  plus  the  excess.  Also,  if  the  contractor  loses  a  con- 
siderable number  of  rivets,  whether  the  rivets  that  he  needs  to  finish  the 
structure  should  not  be  furnished  at  his  own  expense.  It  seems  that  this 
idea  should  be  incorporated  as  a  final  clause. 

Mr.  Cartlidge :— Mr.  Stefifens'  suggestion  as  to  the  limit  of  rivets  is 
well  taken,  and  the  Committee  will  incorporate  it  in  a  reconsideration  of 
the  specifications. 

The  Secretary :— "12.  Misfits.  Any  error  in  shop  work  wfcich  prevents  the 
proper  assembling  and  fitting  up  of  parts  by  the  moderate  use  of  drift  pins, 
and  a  moderate  amount  of  reaming  and  slight  chipping  or  cutting,  shall 
be  immediately  reported  to  the  Engineer,  and  the  work  of  correction  done 
in  the  presence  of  the  Engineer,  who  shall  check  the  time  expended. 
Minor  misfits  and  a  reasonable  amount  of  reaming  shall  be  considered  as 
a  legitimate  part  of  the  erection,  but  misfits  and  badly  matched  holes, 
which  require  drilling  or  cutting  apart,  shall  be  chargeable  to  the  manu- 
facturers." 

Mr.  W.  H.  Courtenay  (Louisville  &  Nashvi'le)  :— What  particular 
individual  is  meant  by  the  Engineer  in  clause  12? 

The  President :— That  is  specified  in  clause  22. 

Mr.  Courtenay :— It  frequently  happens  that  there  are  minor  misfits  in 
bridges,  and  it  does  not  seem  to  me  to  be  necessary  to  specify  that  the 
Engineer  or  his  accredited  representative  shall  always  be  there  to  actually 
watch  the  rectification  of  the  minor  misfits ;  they  are  reported  to  the  Engi- 
neer's office,  and  he  can  take  such  steps  in  connection  with  the  matter  as 
he  considers  necessary.  The  question  for  debate  is  whether  the  man  shall 
stand  there  and  see  the  mechanical  work  done.  I  want  to  know  if  that  is 
the  idea  of  the  Committee. 

Mr.  Cartlidge:— That  is  the  idea  of  the  Committee— the  presence  of 
the  Engineer  during  the  correction  of  minor  misfits  is  not  necessary,  but 
there  are  many  cases  when  the  Engineer's  presence  is  necessary  when  mis- 
fits of  a  major  character  are  being  remedied.  The  Committee  feels  that 
that  is  a  point  which  should  be  watched  by  the  Engineer,  and  that  it  is 
good  practice  to  recommend  that  it  be  done. 

Mr.  Steffens :— Is  it  necessary  to  specify  that  the  hole  shall  be  drilled 
after  the  metal  is  placed?  There  are  certain  examples  I  personally  know 
of  where  it  was  a  decided  advantage  to  drill  them  in  advance,  where  it  was 
not  contemplated  to  imbed  the  bolts  in  the  masonry  at  that  time.  The 
holes  were  drilled  in  advance  of  the  erection  of  the  steel  work. 

Mr.  Cartlidge :— There  is  no  rule  without  its  exceptions.     It  is  very 

^likely  that  some  occasions  might  arise  in  which  it  is  preferable  to  drill 

•holes  in  the  masonry  before  the  steel  work  is  set,  but  it  is  undoubtedly  a 

fact  that  there  are  a  thousand  cases  where  the  contrary  is  the  fact,  and  we 

cannot,  in  a  specification  as  general  as  this,  cover  all  the  little  variations  in 

conditions  which  may  occur. 
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Mr.  Steffens : — Will  the  Committee  insert  the  words,  "in  general,"  to 
cover  the  case? 

The  President : — The  Committee  is  not  willing  to  accept  that  change. 

The  Secretary: — "13.  Anchor  Bolts.  Holes  for  all  anchor  bolts, 
except  where  bolts  are  built  up  with  the  masonry,  shall  be  drilled  by  the 
contractor  after  the  metal  is  in  place,  and  shall  be  set  in  Portland  cement 
grout. 

"14.  Bed  Plates.  Bed  plates  resting  on  masonry  shall  be  set  level 
and  have  a  full,  even  bearing  over  their  entire  surface;  this  shall  be 
attained  either  by  the  use  of  Portland  cement  grout  or  mortar,  or  by  tightly 
ramming  in  rust  cement  under  the  bed  plates  after  blocking  them  accurately 
in  position." 

Mr.  Loweth : — I  hope  in  reconsidering  this  that  the  Committee  will 
provide  for  the  use  of  sheet  lead  between  masonry  ?nd  bed  plates. 

Mr.  Steffens : — I  hope  in  reconsidering  this,  the  Committee  will  see  fit 
to  omit  the  clause  relating  to  bed  plates.  This  matter  again  is  one  that 
depends  upon  the  accuracy  of  the  engineering. 

Mr.  Cartlidge : — ^The  Committee  considered  the  use  of  sheet  lead  and 
decided  that  the  experience  of  the  Committee  was  .against  it.  Of  course, 
the  Committee  is  the  servant  to  the  Association,  and  if  the  Association 
desires  that  the  use  of  sheet  lead  is  desirable,  we  will  so  provide  in  the 
specifications.  With  reference  to  Mr.  Steffens'  criticism,  this  question  is 
entirely  apart  from  the  levels  of  the  masonry  or  the  position  of  the  cast- 
ings. It  is  something  which  provides  an  accurate  bearing  for  bed  plates 
upon  a  more  or  less  roughened  surface.  It  is  impossible  to  make  the  bed 
plate  and  bridge  seat  so  smooth  as  to  form  an  ideal  bearmg  surface  and 
the  use  of  a  joint  between  the  casting  and  a  bridge  scat  is  good  practice. 

The  Secretary: — "15.  Decks.  The  Railroad  Company  will  place  the 
permanent  deck." 

The  President : — The  Committee  recommends  the  elimination  of  the 
words  "The  railroad  company,"  and  insert  a  blank  space  with  the  foot- 
note as  in  clause  3,  and  the  insertion  of  the  words  "frame  and"  between 
the  words  "place"  and  "the." 

If  there  is  no  further  discussion  on  clause   15  we  will  proceed. 

The  Secretary: — "16.  Painting.  The  paint  shall  be  furnished  by  the 
contractor,  and  shall  be  of  such  color,  quality  and  manufacture  as  may 
be  specified. 

"Surfaces  inaccessible  after  erection,  such  as  bottoms  of  base  plates, 
tops  of  stringers,  etc.,  shall  receive  two  coats  of  paint  before  assembling 
in  place.  After  erection  the  entire  structure  shail  receive  two  coats  of 
paint,  allowing  enough  time  between  coats  for  the  first  coat  to  dry  before 
applying  the  second.  No  paint  shall  be  applied  in  wet  or  freezing  weather, 
lior  when  the  surface  of  the  metal  is  damp.  Painting  shall  be  done  in  a 
good  and  workmanlike  manner,  subject  to  strict  inspection  during  progress 
and  after  completion,  and  in  accordance  with  special  instructions  which 
will  be  given  by  the  Engineer.  All  metal  shall  be  thoroughly  cleaned  of 
dirt,  rust,  loose  scale,  etc.,  before  the  paint  is  applied." 
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The  President: — The  Committee  has  one  change  to  make,  the  word 
"contractor"  in  the  first  line  to  be  changed  to  a  blank. 

Mr.  McNab :— In  regard  to  the  first  clause  of  i6,  it  states  "the  paint 

shall  be  furnished  by   "     I  would  like  to  ask  if  the   Commit'tee 

i?  satisfied  with  this  as  it  stands — by  whom  are  these  things  to  be 
specified? 

Mr.  Cartlidge: — We  have  understood  that  the  arbiter  in  any  contro- 
versy between  the  Railroad  Company  and  the  contractor  is  the  Engineer. 
That  is  stated  in  all  contracts. 

Mr.  C.  A.  Morse : — Under  this  clause  there  is  nothing  that  would 
prevent  the  contractor  painting  the  bridge  with  a  spraying  machine. 

Mr.  Cartlidge : — The  work  is  to  be  done  in  accordance  with  special 
instructions  which  will  be  given  by  the  Engineer. 

The  Secretary: — "17.  Clearing  the  Site.  The  contractor,  after  com- 
pletion of  the  work  of  erection,  shall  remove  all  old  material  and  debris 
and  place  the  premises  in  a  neat  condition." 

Mr.  Steffens: — I  would  like  to  see  clause  17  changed  to  read,  instead 
of  "a  neat  condition" — "as  good  condition  as  he  found  them." 

Mr.  Cartlidge :— The  Committee  thought  of  that  and  considered  the 
case  also  in  which  the  contractor  would  use  a  temporary  trestle  built  by 
the  railroad  company  and  provides  herein  for  the  removal  of  that  trestle 
by  the  contractor.  Similar  cases  of  infinite  variety  may  arise.  We  do 
not  think  the  provision  of  this  clause  is  such  that  it  will  work  any  hard- 
ship on  the  contractor. 

The  Secretary: — "18.  Superintendence  and  Workmen.  During  the 
entire  progress  of  the  work  the  contractor  shall  have  a  competent  super- 
intendent in  personal  charge  and  shall  employ  skilled  and  competent  work- 
men. Instructions  given  by  the  Engineer  to  the  superintendent  shall  be 
carried  out  the  same  as  if  given  to  the  contractor.  If  any  of  the  con- 
tractor's employes,  by  unseemly  or  boisterous  conduct,  or  by  incompetency 
or  dishonesty,  show  unfitness  for  employment  on  the  work,  they  shall, 
upon  instructions  from  the  Engineer,  be  discharged  from  the  work,  nor 
thereafter  be  employed  upon  it  without  the  Engineer's  consent." 

The  President: — The  Committee  has  a  change  in  the  second  line,  be- 
tween the  words  "employ"  and  "skilled"  the  word  "only"  is  inserted. 

The  Secretary:— '"19.  Inspection.  The  work  of  erection  shall  at  all 
times  be  subject  to 'the  inspection  and  acceptance  of  the  Engineer. 

"20.  Responsibility.  The  contractor  shall  assume  all  responsibility 
for  loss  or  damage  to  his  own  work,  materials  or  plant,  due  to  any  cause 
whatsoever;  also,  for  all  loss  or  damage  to  the  Railroad  Company's  ma- 
terials or  property,  and  to  other  property  adjacent  to  the  railroad,  due 
to  causes  within  his  reasonable  control. 

"lie  shall  assume  all  responsibility  for  injury  to  the  workmen  or  the 
public,  or  to  any  individual;  and  in  case  of  accident  or  suit  he  shall 
defend  the  suit  in  person  and  relieve  the  Railroad  Company  from  all  costs 
and  expenses,  and  pay  any  judgments  that  may  be  recovered  thereon.* 

"He  shall  comply  with  the  local  and  government  laws  and  ordinances 
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affecting  the  manner  of  doing  work ;  shall  take  out  all  necessary  permits 
and  comply  with  their  requirements,  and  shall  take  such  precautions  as  may 
be  necessary  to  protect  life  and  property." 

M'r.  McNab :— This  clause  says  he  shall  assume  all  responsibility  for 
injury  to  the  workmen  or  the  public.  It  would  be  better  language  to  say 
"to  the  workmen  and  the  public" — leave  out  the  word  "or." 

The  President : — The  Committee  accepts  that. 

Mr.  Snow : — I  would  like  to  ask  the  Committee  if  the  sentence  in 
the  last  paragraph  of  clause  20,  reading  "he  shall  comply  with  the  local 
and  government  laws,"  could  not  well  be  omitted.  I  cannot  see  the 
necessity  of  saying  that  a  man  shall  conform  to  the  laws  of  the  land. 

Mr.  Cartlidge : — It  seemed  to  the  Committee  that  while  it  is  not 
necessary  to  command  a  man  to  be  good,  we  do  think  it  is  necessary  to 
call  his  attention  to  the  fact  that  in  the  place  to  which  he  may  be  going 
there  may  be  local  ordinances  to  which  he  must  accommodate  himself 
and  be  governed  thereby.  This  is  a  clause  that  would  tend  to  keep  him 
out  of  trouble. 

The  President : — There  are  restrictions  in  certain  localities  with  re- 
gard to  prohibition  in  having  certain  quantities  of  gasoline  on  hand.  He 
should   know   of   such   ordinances. 

Mr.  Steffens : — A  contractor  on  work  in  a  locality  apparently  far  re- 
moved from  a  town  may  disobey  some  local  law,  intentionally,  or  other- 
wise (as  for  example  Sunday  work),  and  become  very  fully  aware  of  the 
fact  upon  the  appearance  of  the  Sheriff. 

Mr.  Earle: — I  would  like  to  ask  if  it  is  the  sense  of  the  Committee 
that  the  contractor  shall  be  responsible  for  any  injury  to  passengers  of 
the  railroad  company,  when,  through  the  negligence  of  the  railroad  com- 
pany, they  go  through  a  bridge  or  false-work  which  the  contractor  has 
in  place. 

Mr.  Cartlidge : — Nothing  that  the  Committee  n^iy  do  or  say  in  these 
specifications  will  affect  the  responsibility  for  an  accident  caused  by 
negligence,  per  se.  The  law  is  clear  as  to  where  the  responsibility  shall 
be  placed.  The  railroad  company  is  necessarily  responsible  to  the  public 
under  the  law. 

The  Secretary :— "21.  Insurance.  The  contractor  shall  carry  such 
liability  insurance  as  is  necessary  to  protect  himself  and  the  Railroad 
Company  against  loss  or  damage  caused  by  injuries  to  his  men,  and  shall 
furnish  the  Railroad  Company  a  bond  in  form  and  of  a  surety  acceptable 
to  the  Railroad  Company,  providing  for  the  faithful  performance  of  the 
work  and  all  matters  pertaining  thereto,  in  such  sum  as  shall  be  specified 
in  the  contract." 

Mr.  Earle : — We  have  had  advice  that  the  contractor  can,  if  he  wishes 
to,  insure  the  Railroad  Company,  and  the  execution  of  this  specification, 
if  made  a  part  of  the  contract,  might  in  certain  courts  be  so  construed  that 
the  contractor  would  insure  the  railroad  company. 

Mr.  Cartlidge: — That  is  the  intention,  to  make  an  insurance  clause 
out  of  this.     Clause  21   says  the  contractor  shall  carry  such  liability  in- 
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surance  as  is  necessary  to  protect  himself  against  loss  or  damage  caused 
by  injuries  to  his  men,  etc. 

Mr.  C.  E.  Smith  : — We  have  been  informed  by  our  legal  department  that 
it  is  satisfactory  for  some  contractors  for  erection  to  do  their  work  witlj- 
cut  carrying  liability  insurance.  We  have  recently  finished  up  a  contract 
for  erection  in  which  the  contractor  did  not  carry  liability  insurance.  The 
matter  was  taken  up  with  the  legal  department,  and  they  in  turn  took  it 
up  with  the  bonding  company.  The  bonding  company  stated  it  would  be 
their  loss  if  there  were  any.  They  investigate  the  financial  standing  of  the 
erection  company.  If  they  were  not  satisfied  that  the  erection  company 
was  financially  sound  to  carry  their  own  liability,  they  would  not  issue 
a  bond.     I  suggest  that  the  Committee  consider  that  statement. 

Prof.  Walter  Loring  Webb  (Consulting  Engineer)  : — There  is  no  use 
in  putting  in  the  specifications  a  clause  which  will  not  stand  in  the  courts. 
It  is  perfectly  conceivable  that  a  railroad  company  might  make  changes, 
which  they  might  excuse  on  the  ground  of  greater  safety,  which  would 
actually  make  increased  cost  to  the  contractor.  Now,  in  a  case  of  that 
kind,  the  court  would  unquestionably  allow  the  contractor  damages,  and 
there  is  no  use  in  putting  in  a  clause  saying  that  the  contractor  must 
stand  the  loss,  because  a  court  would  not  sustain  such  a  specification. 

The  Secretary  : — "22.  Engineer.  The  term  "Engineer,"  as  used  herein, 
shall  be  understood  to  mean  the  Chief  Engineer  of  the  Railroad  Company, 
or  his  properly  accredited  representative." 

Mr.  McNab : — I  would  ask  the  Committee  what  they  consider  the 
difference  is  between  the  accredited  representative  of  the  Chief  Engineer 
and  the  properly  accredited  representative  of  the  Chief  Engineer? 

The  President : — The  Committee  is  willing  to  liave  the  word  "prop- 
erly" eliminated. 

The  question  is  on  the  adoption  of  tlie  specifications  for  publication 
in  the  Manual. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — In 
view  of  the  fact  that  many  of  the  sections  have  been  referred  back  to  the 
Committee,  I  do  not  think  that  the  specifications  can  go  into  the  Manual. 

Mr.  Snow : — I  move  that  the  specifications  be  referred  back  to  the 
Committee. 

(The  motion  carried.) 

The  President: — The  next  subject,  secondary  stresses,  is  sul)niitted 
a?  a  matter  of  information. 

Prof.  Henry  S.  Jacoby  (Cornell  University: — I  desire  to  offer  the  fol- 
lowing, which  has  a  bearing  on  the  work  of  this  Committee: 

I  wish  to  call  the  attention  of  the  Association  to  the  desirability  of 
making  available  the  lessons  regarding  design  and  construction  which 
may  be  obtained  from  the  regular  inspection  of  bridges  in  actual  service, 
and  to  inquire  whether  it  would  not  be  wise  to  have  this  topic  studied  by 
ti.e  Committee  on  Iron  and  Steel  Structures. 

Perhaps  the  Committee  has  this  subject  under  considi-ration  at  ])res- 
ent,  since  it  may  properly  be  included  under  the  fiftli  topic  in  the  outline 
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of  work,  which  reads :     "Influence  of  theory,  experiment  and  experience 
or.  bridge  design." 

In  connection  with  steel  bridges  there  is  hardly  any  material  available 
in  published  form  relating  to  the  lessons  taught  by  the  observation  of 
bridges  under  traffic  conditions.  All  over  the  country  bridge  inspectors 
are  making  their  rounds,  looking  at  the  details  of  bridges,  and  making 
records  of  conditions  discovered  and  recommendations  as  to  repairs  re- 
quired. After  the  repairs  are  made  the  incident  is  closed  for  that  struc- 
ture, and  so  the  matter  goes  on  year  after  year.  There  must  inevitably 
be  some  important  lessons  taught  by  the  extensive  experience  of  these 
inspectors,  which  should  influence  design  much  more  largely  than  it 
apparently  does.  One  reason  is  that  the  maintenance  department  is  en- 
tirely separate  from  the  bridge  department,  in  which  the  designs  of  new 
structures  are  developed.  There  are  doubtless  also  other  influences  at 
work.  Designers  and  draftsmen  have  but  little  opportunity  to  become 
familiar  with  these  matters  by  direct  observation.  It  seems  that  each 
railway  does  not  get  the  full  benefit  of  the  experience  of  the  maintenance 
department,  thus  leading  to  the  continued  construction  of  some  faulty 
details  because  the  designers  do  not  learn,  except  incidentally,  of  the 
actual  behavior  of  bridges  previously  designed  by  them. 

For  example,  certain  designs  of  bracketes  on  end  floor  beams  per- 
form their  duty  in  an  excellent  manner  under  heavy  modern  live  loads 
and  the  conditions  of  adjacent  track,  while  others  show  marked  defects; 
yet  the  defective  designs  are  built  over  and  over  again  on  the  roads  in 
which  the  maintenance  of  way  department  has  discovered  their  weakness. 
This  condition  is  not  confined  to  steel  bridges.  I  am  convinced  that 
some  railways  are  losing  at  least  two  or  three  years  of  service  in  their 
Howe  trusses  because  of  the  lesser  relative  efficiency  of  the  splices  in  the 
lower  chords.  This  is  an  indication  that  there  are  details  in  timber 
framing  which  are  not  receiving  sufficient  study  by  designers,  although 
similar  timber  structures  have  been  used  for  many  years.  This  is  prob- 
ably true  because  the  conditions  under  which  failure  occurs  are  not 
brought  to  the  attention  of  designers. 

The  President : — If  there  is  no  further  discussion,  the  Committee  will 
be  relieved,  with  the  thanks  of  the  Association. 
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(Bulletin  130.)  ^ 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  submits  herewith  a  report  of  its  proceedings  and 
work  accomplished  during  the  past  year.    Meetings  were  held  as  follows : 

1.  At  Chicago,  May  17,  1910. — Members  present:  Robert  Ferriday. 
J.  L.  Campbell,  A.  Mordecai,  L.  P.  Rossiter,  H.  M.  Church  and  W.  A. 
Parker. 

2.  At  Chicago,  June  22,  1910. — Members  present:  C.  L.  Ransom, 
/.  L.  Campbell,  H.  M.  Church,  G.  H.  Herrold,  F.  G.  Hoskins  (representing 
E.  G.  Lane),  W.  A.  Parker. 

3.  At  Chicago,  July  29,  1910. — Members  present:  C.  L.  Ransom,  Rob- 
ert Ferriday  and  F.  G.  Hoskins   (representing  E.  G.  Lane). 

4.  At  Chicago,  October  5,  1910. — Members  present:  C.  L.  Ransom, 
Robert  Ferriday,  H.  M.  Church,  G.  H.  Herrold,  E.  G.  Lane,  W.  A.  Parker 
and  F.  G.  Hoskins  with  Mr.  Lane. 

The  following  sub-committees  were  appointed  and  their  reports  and 
conclusions  are  hereto  appended : 

Sub-Committee    "A,"    to   consider   subject,   "Revision   of   the    Manual:" 
Robert  Ferriday,  Chairman ; 
A.  D.   Schermerhorn. 
Sub-Committee  "B,"  to  consider  subject,  "Water  Tank  Specifications:" 

J.  L.  Campbell,  Chairman ; 

G.  H.  Herrold, 

W.  A.  Parker, 

C.  A.  Morse. 
Sub-Committee  "C,"  to  consider  subject,  "Water  Stations  for  Track  Pans:" 

E.  G.  Lane,  Chairman ; 

L.  P.  Rossiter, 

H.  M.  Church, 

James  Burke, 

A.  Mordecai. 
Sub-Committee   "D,"   to   consider   subject,    "Recommendations   for    Next 
Year's  Work:" 

C.  L.  Ransom,  Chairman ; 

Robert  Ferriday, 

J.  L.  Campbell, 

E.  G.  Lane. 

REVISION   OF  THE  MANUAL. 

This  work  has  been  done  in  the  proof  as  per  report  on  pp.  1143  •'*"'^' 
1 144,  Vol.  II,  Part  2,  and  no  further  suggestions  arc  made  at  this  lime. 
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WATER  TANK  SPECIFICATIONS. 

It  was  decided  at  the  first  meeting  of  the  General  Committee  that  an 
attempt  would  be  made  to  present  for  approval  only  specifications  and 
designs  for  two  styles  of  tanks:  These  to  be  the  Wooden  Tub  on  Wooden 
Substructure,  and  the  Metal  Stand  Pipe  Tank. 

The  reinforced  concrete  tank  was  considered  as  rather  a  new  de- 
parture, and  it  was  therefore  decided  to  submit  the  following  specifications 
and  design  as  a  progress  report  only : 

SUGGESTED   SPECIFICATIONS  FOR  A   REINFORCED 
CONCRETE  WATER  TANK. 
Kind. 

1.  The  tank  shall  be  of  reinforced  concrete,  as  shown  on  the  drawings. 
Capacity. 

2.  The  capacity  of  the  tank  shall  be  within  the  limits  of  50,000  and 
106,000  gallons,  exclusive  of  the  lower  20  ft.  of  the  tank.  The  height  of 
the  tank  from  bottom  to  top  of  shell  shall  be  40  ft.  A  diameter  of  30  ft. 
is  recommended.  On  this  basis  the  drawings  have  been  made.  The  latter 
shall  be  made  to  meet  the  requirements  of  the  height  and  diameter  selected 
by  the  engineer. 

Location. 

3.  The  tank  is  designed  to  deliver  water  to  locomotives  through 
water  columns.  The  floor  of  the  tank  shall  not  be  lower  than  the  tracks 
served. 

Excavations. 

4.  In  earth,  the  excavations  for  the  foundation  and  pipes  shall  be  as 
deep  as  the  lowest  frost  line,  with  a  minimum  depth  of  four  ft.  In  rock, 
only  the  trenches  for  the  pipes  shall  be  carried  below  the  action  of  frost. 
In  earth,  the  bottom  of  excavations  shall  be  thoroughly  tamped  to  dis- 
cover and  compact  any  soft  places.  If  the  earth  will  not  sustain  the  total 
load,  including  wind  pressure,  without  material  or  unequal  settlement,  the 
foundation  shall  be  supported  on  piles  of  the  number,  size  and  arrange- 
ment as  determined  by  the  engineer.  Such  piles  shall  conform  to  the 
specifications  of  this  Association  for  piling,  as  selected  by  the  engineer. 

Foundation. 

5.  The  foundation  shall  consist  of  a  disk  of  concrete,  as  sliown.  If 
the  depth  of  frost  is  excessive,  this  disk  may  be  carried  on  broken  rock 
compacted  in  the  bottom  of  the  excavation,  but  the  minimum  vertical  thick- 
ness of  the  concrete  foundation,  exclusive  of  the  tank  floor,  shall  be  42  in. 

Valve  Box. 

6.  The  valve  box  for  the  piping  shall  be  constructed  as  a  part  of  the 
foundation,  as  shown.  The  top  and  bottom  of  the  box  shall  be  reinforced 
by  steel  rods  laid  both  ways  and  doubled  around  the  pipes  and  the  man- 
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hole.  The  manhole  frame  shall  be  in  one  piece  of  first-class  cast-iron 
with  a  double  seat  and  a  double  cover.  The  latter  shall  preferably  be  of 
wood.  When  low  temperatures  require  to  prevent  freezing  within  the 
valve  box,  an  air  space  shall  be  constructed  in  the  middle  of  that  portion 
of  the  box  walls  outside  of  the  tank  foundation.  When  the  absen6e  of 
low  temperatures  permit,  the  air  space  and  the  lower  manhole  cover  may 
be  omitted. 

Floor. 

7.  The  reinforced  concrete  floor  on  the  foundation  shall  be  con- 
structed, as  shown,  giving  its  surface  a  sidewalk  finish  without  plastering. 

Shell. 

8.  The  reinforced  concrete  shell  shall  be  constructed,  as  shown, 
building  in  the  concrete  fillet  in  the  angle  at  the  bottom. 

Roof. 

9.  The  reinforced  concrete  roof,  including  manhole  and  cover,  shall 
be  constructed,  as  shown,  finishing  top  of  roof  as  specified  for  the  floor. 
Where  ice  will  not  form  to  an  injurious  or  troublesome  extent  and  sun- 
light will  not  cause  vegetable  growth  in  the  water,  this  roof  may  be 
omitted  at  the  discretion  of  the  engineer. 

Piping. 

10.  The  tank  shall  be  equipped  with  cast-iron  piping  and  standard 
gate  valves,  as  shown.  There  shall  be  a  tank  supply  pipe,  a  water  column 
supply  pipe,  an  overflow  pipe  and  a  washout  pipe,  the  latter  two  being 
combined  in  the  valve  box  beyond  the  valve  closing  the  washout  pipe. 
There  shall  be  no  valve  in  the  overflow  pipe.  For  a  gravity  supply,  the 
tank  supply  pipe  shall  be  carried  to  the  top  of  the  tank  and  be  capped  by 
a  float  valve.  The  washout  pipe  shall  terminate  flush  with  the  tank  bot- 
tom. The  water  column  pipe  shall  extend  several  feet  above  the  bottom 
but  not  higher  than  the  top  of  the  water  column.  All  piping  shall  pass 
through  the  bottom  of  the  tank,  preferably  in  cast-iron  stuffing  boxes 
with  lead  joints,  as  shown,  but  other  forms  of  stuffing  box  and  joint  may 
be  used. 

All  pipes  and  castings,  in  quality,  manufacture  and  inspection,  shall 
fulfill,  the  requirements  of  the  specifications  of  the  New  England  Water 
Works  Association  for  cast-iron  pipe. 

The  weights  and  diameters  of  the  pipes  shall  be  determined  by  the 
engineer.    No  pipe  shall  have  an  inside  diameter  less  than  4  in. 

Sludge  pipe. 

11.  The  cast-iron  sludge  pipe  shall  be  carefully  constructed,  enclosing 
in  the  concrete  and  doubling  the  reinforcing  rods  around  it,  as  shown. 
When  absence  of  sediment  in  the  water  justifies,  this  pipe  may  be  omitted. 

Gage. 

12.  The  tank  shall  be  equipped  with  a  gage,  indicator  and  float, 
according  to  the  design  or  selection  of  the  engineer. 
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Ladder. 

13.  The  steel  ladder  shall  be  constructed,  as  shown  and  as  designed, 
or  selected  by  the  engineer.  The  ladder  shall  be  carried  by  connecting 
straps  or  angles  resting  on  the  roof.  It  shall  not  be  anchored  to  the 
tank  shell.  The  steel  shall  conform  to  the  specifications  of  this  Associa- 
tion for  steel  bridges. 

Concrete. 

14.  The  concrete  in  the  tank  foundation  and  the  side  walls  of  the 
valve  box  shall  be  a   1-3-5  mix,  made   and  laid   in   accordance  with   the 
specifications  of  this  Association  for  Portland  Cement  Concrete. 
Reinforced  concrete. 

15.  The  top  and  the  bottom  of  the  valve  box  and  the  tank  floor, 
shell  and  roof  shall  be  made  of  reinforced  concrete. 

Mixture. 

16.  Reinforced  concrete  shall  be  a  thoroughly  uniform  mixture  of 
cement,  sand,  stone  and  water  completely  enveloping  the  reinforcing  rods. 
Proportions. 

17.  The  volume  of  the  sand  shall  be  5  per  cent,  in  excess  of  the  volume 
of  the  voids  in  the  stone.  The  volume  of  the  cement,  considering  100  lbs.  of 
it  as  I  cu.  ft,  shall  be  25  per  cent,  in  excess  of  the  volume  of  the  voids 
in  the  mixed  sand  and  stone.  The  engineer  shall  determine  the  voids  and 
proportions. 

Fluidity. 

18.  The  volume  of  the  water  shall  be  sufficient  to  give  the  concrete 
a  fluidity  that  will  cause  it  to  flow  and  mould  itself  in  the  forms  without 
tamping. 

■Mixing. 

19.  The   concrete   shall   preferably  be   mixed   by   mixing   machines. 
The  method  used  shall  yield  a  complete  and  even  mixture. 
Cleanliness. 

20.  All  dirt  and  foreign  matter  shall  be  excluded  from  all  materials, 
concrete  and  stages  of  the  work. 

Pouring  and  working. 

21.  The  concrete,  after  mixing,  shall  be  poured  and  worked  into  final 
position  in  the  forms  before  its  initial  set  is  complete,  and  it  shall  not 
thereafter  be  disturbed.  As  it  is  thus  placed,  it  shall  be  thoroughly  worked 
by  long,  flat,  thin-bladed  tools  in  a  manner  that  will  eliminate  all  voids 
and  air  pockets  and  produce  unbroken  mortar  faces  against  all  forms  and 
secure  perfect  contact  with  every  part  of  all  reinforcing  rods. 

Joints. 

22.  The  surface  of  concrete  shall  be  clean  and  wet  when  concrete 
is  laid  thereon.  The  surface,  if  hardened,  shall  also  be  mopped  with 
cement  grout  immediately  in  advance  of  placing  fresh  concrete.  Smooth 
or  finished  mortar  surfaces  shall  be  avoided  where  additional  concrete  is 
to  be  placed.     If  necessary,  as  in  the  joints  between  the  tank  floor,  shell 
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and  fillet,  old  surfaces  shall  be  tooled,  cleaned  and  grouted  before  con- 
crete is  placed  thereon. 
Wetting. 

23.  A  rapid  drying  out  of  concrete  shall  be  prevented  by  r^ular, 
frequent  and  continued  wetting  until  all  danger  of  arrested  setting  and 
hardening  is  past,  as  the  engineer  shall  direct. 

Freezing. 

24.  Freezing  of  concrete  before  it  has  finally  set  shall  be  prevented. 
Broken, 

25.  Any  concrete  broken  or  displaaed  in  any  manner  after  having 
set  shall  be  removed  from  the  work. 

Cement. 

26.  The  cement  shall  conform  to  the  specifications  of  this   Associa 
tion  for  Portland  Cement.    It  shall  retain  its  original  purity  and  qualities 
until  it  is  incorporated  into  the  work.    Deteriorated  or  otherwise  damaged 
cement  shall  not  be  used. 

Sand. 

27.  The  sand  shall  be  clean,  sound  and  sharp  and  it  shall  be  of  graded 
sized  grains  giving  a  minimum  of  voids. 

Stone. 

28.  The  stone  shall  be  clean,  sound  and  durable.  The  word  "stone" 
includes  broken  rock  and  gravel.  The  stone  shall  be  of  graded  sizes 
giving  a  minimum  of  voids.  All  of  it  shall  be  able  to  pass  through  a 
circular  hole  having  a  diameter  of  54  in- 

Water. 

29.  The  water  shall  be  clean  and  free  from  anything  injurious  to 
the  concrete. 

Forms. 

30.  The  concrete  forms  shall  be  made  of  metal  or  of  dressed  and 
matched  lumber.  They  shall  be  accurately  made  and  erected,  be  water 
tight,  and  shall  have  ample  strength  and  rigidity  to  prevent  bendnig  and 
warping  under  tiie  load  and  action  of  the  concrete.  They  shall  be  erected 
in  such  sections  and  courses  as  will  permit  the  concrete  to  be  poured  and 
worked  as  above  specified.  No  device  for  holding  the  forms  that  would 
leave  a  hole  through  the  concrete  shall  be  used.  Wires  passing  through 
the  concrete  shall  be  nipped  off  beneath  the  concrete  face. 

Pointing. 

31.  Any  break  in  the  concrete  surfaces  not  impairing  the  integrity 
of  the  structure  shall  be  pointed  with  cement  mortar,  as  the  engineer 
shall  direct.  Any  other  imperfections  in  the  concrete  shall  be  treated 
and  remedied  as  the  engineer  shall  direct. 

Reinforcement. 

32.  The  concrete  shall  be  reinforced  by  steel  rods  of  the  form,  size, 
number  and  arrangement,  as  shown.  They  shall  be  wired  at  intersections 
with  each  other  and  be  maintained  in  required  position  as  they  are  buried 


338  WATER    SERVICR 

in  the  concrete,  at  which  time  they  shall  be  free  from  dirt  and  scale. 
Splices  in  rods  shall  be  lapped  42  diameters  or  sides.  No  splice  shall  be 
opposite  a  splice  in  an  adjacent  line  of  rods.  Throughout  the  splice  the 
ends  of  the  rods  making  it  shall  be  1Y2  diameters  or  sides  apart  in  the 
clear.  There  shall  be  not  more  than  four  splices  in  the  circumference 
of  a  tank  30  ft.  in  diameter.  Unnecessary  splicing  shall  be  avoided. 
Reinforcing  rods. 

22,.  The  reinforcing  rods  shall  be  plain  or  deformed.  Their  tensile 
strength  per  sq.  in.  shall  be  between  60,000  and  90,000  lbs.  Their  elastic 
limit  shall  be  not  less  than  ^  of  their  tensile  strength.  They  shall  not 
be  stressed  more  than  one-third  of  their  elastic  limit.  Any  rod  shall 
be  capable  of  being  bent  cold  on  a  radius  of  three  diameters  or  sides 
through  180  degrees  without  sign  of  fracture. 
Waterproofing. 

34.  A  dense,  even  mixture  of  concrete  as  herein  specified  for  rein- 
forced concrete  shall  be  the  primary  expedient  to  secure  water-tight  con- 
crete. This  may  be  supplemented  by  mixing  with  the  cement  some  form 
of  waterproofing  compound  of  proved  efficiency  and  now  obtainable  from 
manufacturers. 

Where  the  concrete  can  be  worked  before  it  has  set,  the  surface  shall 
be  thoroughly  troweled  until  a  dense  mortar  face  is  secured.  Concrete 
surfaces  already  set  may  be  plastered  by  rich  cement  mortar,  but  surfaces 
so  treated  shall  first  be  cleaned  and  roughened  by  steel  brushes  or  equiv- 
alent, and  the  plastering  shall  be  applied  on  a  fresh  coat  of  cement  grout 
mopped  on  the  surface. 

In  addition,  if  necessary,  separate  and  alternate  washes  of  soap  and 
alum  in  the  order  named  shall  be  applied  to  the  dried  and  hardened 
concrete  surface.  The  number  of  washes  should  be  not  less  than  two  of 
each,  with  a  24-hour  interval  between  each.  The  proportions  should  be 
approximately  54  lb.  of  soap  and  yi  lb.  of  alum  per  gallon  of  water. 
These  proportions  may  be  varied  if  better  results  are  thereby  secured. 
The  soap  wash  shall  be  applied  boiling  hot,  without  causing  frothing. 
The  alum  wash  should  have  a  temperature  between  60  and  80  degrees 
Fahrenheit, 

In  lieu  of  these  washes  approximately  i  per  cent.,  by  weight,  of 
powdered  alum  may  be  evenly  mixed  with  the  cement,  in  which  case 
the  same  proportion  of  soap  shall  be  dissolved  in  the  water  in  making  the 
concrete. 

In  lieu  of  soap  and  alum,  waterproofing  paint  having  an  asphalt  base 
to  be  applied  hot  or  cold,  and  now  obtainable  from  manufacturers,  may 
be  used.  In  all  washing  or  painting  the  concrete  surface  treated  shall 
be  dry  and  clean  and  the  temperature  should  be  above  the  freezing  point. 
Loading. 

35.  The  weight  of  water  shall  be  assumed  to  be  62,  lbs.  per  cu.  ft. 
Wind  pressure,  acting  in  any  direction,  shall  be  assumed  to  be,  in  pounds, 
thirty  times  the_  product  of  the  height  by  two-thirds  of  the  diameter  of  the 
tank,  in  feet. 
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Definitions. 

36.  The  words  "company,"  "engineer,"  "drawings,"  "as  shown,"  and 
"this  Association"  appearing  in  these  specifications  are  defined  as  follows : 

"Company"  means  the  railway  company  building  a  tank  under  these 
specifications. 

"Engineer"  means  the  engineer  of  the  company. 

"Drawings"  means  the  drawings  of  the  tank  herein  specified  and 
forming  a  part  of  these  specifications,  including  such  working  drawings 
as  the  engineer  shall  prepare  or  approve. 

"As  shown"  means  as  shown  on  the  drawings. 

"This  Association"  means  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association. 

SPECIFICATIONS  FOR  WOODEN  WATER  TANK. 
Kind. 

1.  The  tank  shall  be  a  wooden  tub  carried  on  timber  posts  supported 
on  concrete  piers,  as  shown  on  the  drawings.  These  specifications  pro- 
vide for  an  all-wood  structure  above  the  foundation,  as  shown. 

Capacity. 

2.  A  diameter  of  24  ft.  and  a  height  of  16  ft.  (outside  measurement) 
are  recommended  for  the  tub  of  this  tank.  Other  dimensions  may  be 
used,  but  the  design  shall  conform  to  the  requirements  of  these  specifi- 
cations. 

Location. 

3.  The  tank  is  designed  to  deliver  water  to  locomotives  through  water 
columns.  The  bottom  of  the  tub  shall  be  not  less  than  20  ft.  above  the 
tracks  served. 

If  water  columns  are  not  used,  the  location  of  the  tank  and  the 
necessary  tank  fixtures  shall  be  as  selected  by  the  company. 

Loading. 

4.  Water  shall  be  assumed  to  weigh  63  lbs.  per  cu.  ft.  Wind  pressure 
in  pounds  acting  in  any  direction  on  the  tub  shall  be  assumed  to  be  thirty 
times  the  product  of  the  height  by  two-thirds  of  the  diameter  of  the  tub. 
The  wind  pressure  on  the  substructure  shall  be  assumed  at  30  lbs.  per 
sq.  ft.  of  its  surface  acted  on. 

Anchorage. 

*5.  Necessary  anchorage  shall  be  provided  to  the  foundation  on  the 
basis  of  an  empty  tub,  as  the  engineer  shall  design  and  require. 

Foundation. 

6.  In  earth,  the  excavation  for  the  piers  and  frost  pit  shall  be  deep 
enough  to  permit  the  pipes  to  be  laid  below  the  frost  line,  with  a  mini- 
mum depth  of  4  ft.  In  rock,  only  the  excavations  for  the  frost  pit  and 
the  pipe  trenches  shall  be  carried  below  the  action  of  frost. 


•See  amendments,  page  347. 
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On  earth,  the  total  load  including  wind  stress  shall  not  exceed  the 
safe  load  for  that  earth.  If  the  earth  will  not  carry  this  load  without 
material  settlement,  piling  shall  be  put  in  as  the  engineer  shall  direct. 
Such  piling  shall  conform  to  the  specifications  of  this  Association  for 
piling,  as  selected  by  the  engineer.  Earth  foundations  shall  be  thoroughly 
tamped  to  detect  and  compact  any  soft  places  therein. 

Piers   and   frost    pit. 

*7.  The  piers  and  frost  pit  shall  be  of  concrete  of  a  1-3-5  mix,  made 
and  laid  according  to  the  specifications  of  this  Association  for  Portland 
Cement  Concrete  and  to  the  forms  and  dimensions,  as  shown,  including 
the  proper  setting  of  all  anchor  bolts. 

Substructure. 

8.  The  substructure  shall  be  constructed,  as  shown.  The  timber 
shall  be  pine,  oak,  cypress  or  redwood,  S  4  S  for  painting,  and  conforming 
to  the  specifications  of  this  Association  for  No.  i  R.  R.  bridge  timber.  It 
shall  be  accurately  framed  and  erected,  properly  tightening  all  bolts  and 
tie    rods. 

Rods  and   bolts. 

9.  All  rods  and  bolts  shall  be  iron  or  steel  of  the  quality  hereinafter 
specified  for  tank  hoops.  O.  G.  washers  shall  be  used  under  heads  and 
nuts  of  bolts  and  tie  rods. 

Tub:    quality  of   lumber. 

*io.  The  tub  shall  be  made  of  pine,  cypress  or  redwood,  sound,  sea- 
soned, out  of  wind,  free  from  shakes,  sap,  pitch  pockets  or  streaks,  unsound 
knots,  loose  knots,  knots  in  clusters,  and  large  knots  extending  through 
the  material.  Small,  loose  or  unsound  knots  may  be  bored  out  if  the  holes 
are  thoroughly  plugged.  Material  having  knots  in  its  edges  will  not  be 
accepted. 

Tub  bottom. 

*[i.  The  bottom  of  the  tub  shall  be  made  of  3-in.  planks.  S  4  S,  and 
accurately  cut  and  planed  to  uniform  thickness  and  width.  The  ends 
shall  be  cut  to  the  true  circle  of  and  shall  fill  the  croze  in  the  staves.  Each 
plank  shall  be  in  one  piece  without  joint  or  splice.  The  planks  shall  be 
joined  by  ^-in.  by  3-in.  wood  dowels  on  30-in.  centers  along  each  joint. 
The  bottom  shall  be  laid  directly  on  the  floor  joists. 

Tub  staves. 

*I2.  The  staves  shall  be  of  uniform  width,  end  to  end,  and  shall  be 
made  of  3-in.  planks,  S  4  S,  with  edges  accurately  planed  on  radial  lines 
from  center  of  tub.  Each  stave  shall  be  in  one  piece,  without  joints  or 
splice.  The  croze  in  each  stave  shall  be  accurately  cut  to  uniform  dimen- 
sions on  one  circle  for  all  staves.  The  croze  shall  be  3  in,  in  the  clear 
from  the  end  of  the  stave. 


*See  amendments,  page  347. 
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Tub   hoops. 

*I3.     The  tub   hoops   shall  be  half  oval,   half  round,  or   round.     They 
shall  preferably  be  made  of  wrought-iron.    They  may  be  made  of  steel. 

Wrought-iron  shall  be  made   of  pure  puddled   iron  having  a  tensile 
strength  of  50,000  lbs.  and  containing  of 

Sulphur not  more  than  .02    per  cent. 

Phosphorus    "        "        "      .005        " 

Carbon   "        "        "      .02 

Manganese    "         "        "       .00  " 

Silicon  "        "        "       .00 

Steel  shall  conform  in  physical  and  chemical  properties  to  the  specifi- 
cations of  this  Association  for  steel  bridges. 

Each  hoop  shall  be  in  three  equal  sections. 
Hoop  coating. 

*I4.  Each  hoop  shall  be  cleaned  (preferably  at  the  factory)  of  dirt, 
rust  and  scale,  and  in  that  condition  shall  be  heated  to  300  degrees  Fahren- 
heit and  be  dipped  in  pure  asphalt  having  that  temperature  which  shall 
be  maintained  during  the  immersion  which  shall  continue  not  less  than 
one  minute. 
Hoop  joints. 

*]5.     Hoops   shall    have    round    threaded   ends    passing   through    lugs. 
The  joint  used  shall  be  as  designed  or  selected  by  the  engineer.     It  shall 
be  as  strong  as  the  hoop. 
Hoop  spacing. 

16.     Hoops  shall  be  of  one  size  with  the  spacing  varied,  limiting  the 
maximum  space  to  24  in.  c.  to  c.  of  hoops. 
Hoop  stresses. 

*\j.     Hoops  shall  be  so  spaced  that,  for  wrought-iron,  the  stress  per 
sq.  in.  on  net  section  shall  not  exceed  10,000  lbs.,  and  for  steel  12,000  lbs. 
Threaded  hoops  shall  preferably  have  upset  ends,  but  a  larger  hoop  giving 
the  required  area  under  thread  without  upsetting  may  be  used. 
Roof. 

*|8.     The  roof  shall  preferably  be  built  in  the  form  of  a  Hat  dome,  as 
shown,  but  other  forms  may  be  used. 
Roof  Joists. 

19.  Each  joist  of  the  dome  form  shall  preferably  be  in  one  piece  of 
full-sized  2-in.  lumber,  but  the  longer  joists  may  be  built  up  to  an  equiv- 
alent section.  The  top  of  each  joist  shall  be  cut  to  a  template  having  a 
radius  of  84.5  ft.,  each  end  of  the  joist  having  a  depth  of  4  in.  The  length 
of  each  joist  is  determined  by  its  position  within  the  circle  having  a 
diameter  of  25  ft.  6  in.  and  cutting  the  ends  of  the  joists,  as  shown. 
Roof  sheathing. 

20.  On  the  roof  joists,  i-in.  by  6-in.  sheathing  shall  be  laid  solid  and 
shall  be  cut  to  a  circle  having  a  diameter  of  26  ft.,  as  shown. 

•See  amendments,  page  347. 
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Roof  eave. 

21.  The  roof  eave  shall  be  finished  by  i-in.  lumber  and  quarter  rounds 
built  on  the  ends  of  the  joists,  as  shown. 

Roofing. 

22.  The  sheathing  shall  be  covered  by  metal,  bituminous  felt  or 
burlap  roofing,  tar  and  gravel,  asphalt  mastic,  or  other  prepared  water- 
proof roofing,  limiting  the  selection  to  brands  of  proved  efficiency.  If 
other  than  the  dome  form  of  roofing  is  used,  shingles  or  barn  boards  may 
be  used. 

Manhole. 

23.  The  manhole  in  the  roof  shall  be  constructed  as  shown. 
Frostproof  floor. 

24.  When  required  for  frostproofing  the  roof  shall  be  oiled,  as 
shown.  Where  ice  will  not  form  to  an  injurious  or  troublesome  degree 
and  sunlight  will  not  cause  vegetable  growth  in  the  water,  the  entire  roof 
and  ceiling  may  be  omitted. 

Frost  shaft. 

25.  The  frost  shaft,  extending  from  the  frost  pit  to  the  bottom  of 
the  tub,  shall  be  constructed,  as  shown,  enclosing  it  by  multiple  walls  of 
I -in.  by  6-in.  lumber,  S  i  S  and  2  E,  separated  by  2-in.  by  4-in.  studding 
on  edge  or  side.  Each  wall  shall  have  two  courses  of  lumber  separated 
by  a  layer  of  heavy  tar  felt.  The  outside  course  shall  be  tongued  and 
grooved.  The  number  of  walls  shall  be  sufficient  to  prevent  water  in  the 
enclosed  pipe  from  freezing.  A  frostproof  door  in  one  side  of  the  shaft 
shall  be  constructed  as  designed  by  the  engineer.  ■ 

Where  ice  will  not  form,  the  entire  frostproofing,  including  pit,  may 
be  omitted. 
Lumber. 

26.  All  lumber  in  the  roof  and  frostproofing  shall  be  No.  i  com- 
mon, as  rated  by  the  Lumbermen's  Association  for  the  district  supplying 
the  material. 

Piping. 

27.  The  tank  shall  be  equipped  with  a  tank  supply  pipe,  a  water- 
column  supply  pipe  and  an  overflow  pipe,  as  shown.  The  first  two  shall 
be  provided  with  gate  valves.  For  a  gravity  supply  the  tank  supply  pipe 
shall  be  carried  to  the  top  of  the  tank  and  capped  by  a  float  valve.  The 
sizes  of  the  pipe  shall  be  determined  by  the  engineer.  No  pipe  shall  have 
an  inside  diameter  less  than  4  in.  All  pipes  shall  pass  through  the  bottom 
of  the  tank  by  two  standard  flanges  full  bolted  with  gaskets.  For  a 
pressure  gravity  supply,  a  stuffing  box  in  lieu  of  flanges  for  the  tank  sup- 
ply pipe  may  be  used  if  necessary  to  prevent  leakage.  All  pipes  shall  be 
enclosed  in  the  frost  shaft  and  pit  and  leave  the  latter  below  the  frost  line. 
Sludge  hole. 

28.  In  the  bottom  of  the  tank  outside  of  the  frost  shaft  a  sludge 
hole  with  plug  shall  be  constructed  as  designed  or  selected  by  the  engineer. 


WATER    SERVICE.  345 

Water  tightness. 

29.  When  the  tank  is  finished,  the  hoops  properly  tightened  and  the 
wood  saturated,  the  tub  shall  be  water  tight.  No  foreign  material  shall 
be  used  in  making  the  joints  in  the  tub. 

Gage.  '' 

30.  The  tank  shall  be  equipped  with  a  gage,  indicator  and  float  as 
designed  or  selected  by  the  engineer.  The  clearance  between  the  gage 
board  and  the  tub  shall  not  be  less  than  i  in. 

Ladders. 

31.  The  ladders  shall  be  constructed,  as  shown,  and  as  designed,  or 
selected  by  the  engineer. 

Painting. 

32.  All  exposed  woodwork  shall  be  painted  with  one  priming  and 
two  finishing  coats,  using  the  company's  standard  paint  and  colors  for  such 
work.    All  wood  to  be  painted  shall  be  dressed. 

Definitions. 

33.  The  words  "company,"  "engineer,"  "as  shown,"  "drawings"  and 
"this  Association"  appearing  in  these  specifications  are  defined  as  follows : 

"Company"  means  the  railway  company  building  a  tank  under  these 
specifications. 

"Engineer"  means  the  engineer  of  the  company. 

"Drawings"  means  the  drawings  of  the  tank  herein  specified  and  form- 
ing a  part  of  these  specifications,  including  such  working  drawings  as  the 
engineer  shall  prepare  or  approve. 

"As  shown"  means  as  shown  on  the  drawings. 

"This  Association"  means  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association. 
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AMENDMENTS. 

Amend  the  Specifications  for  Wooden  Water  Tanks  in  the  following 
particulars : 

Clause  5  to  read :  "Anchorage.  Necessary  anchorage  to  the  founda- 
tion shall  be  provided." 

Clause  7  to  read :  "Piers  and  frost  pit.  The  piers  and  frost  pit  shall 
be  of  masonry,  to  be  laid  according  to  the  specifications  of  this  Association 
and  to  the  forms  and  dimensions,  as  shown,  including  the  proper  setting 
of  all  anchor  bolts." 

Clause  ID.  Change  first  line  to  read :  "Tub  shall  be  made  of  suit- 
able pine,"  etc.  Omit  comma  after  the  word  "small,"  in  the  fourth  line. 
Provide  for  the  use  of  cedar  for  staves  and  fir  for  the  bottom  of  tub. 

Clause  II  to  read:  "Tub  bottom.  The  bottom  of  the  tub  shall  be 
made  of  3-in.  planks,  S  4  S,  and  accurately  cut  and  planed  to  uniform 
thickness  and  width.  The  ends  shall  be  cut  to  the  true  ci-rcle  of  and 
shall  fill  the  croze  in  the  .staves.  Each  plank  shall  be  in  one  piece,  with- 
out joint  or  splice,  for  all  tanks  having  a  diameter  not  greater  than  24  ft. 
The  planks  shall  be  joined  by  •}4-in.  by  3-in.  wood  dowels  on  30-in.  centers 
along  each  joint.    The  bottom  shall  be  laid  directly  on  the  floor  joists." 

Clause  12 :  Change  the  word  "the"  in  the  first  line  to  "each,"  and 
make  the  word  "staves"  singular. 

Clause  13.  Change  first  and  last  paragraphs  of  the  clause  to  read  : 
"Each  hoop  shall  be  in  not  more  than  three  sections,  half  oval,  half  round 
or  round." 

Clause  14.  Add  the  following  to  the  last  sentence :  "Or  the  appHca- 
tion  of  such  other  coating  as  the  engineer  shall  approve." 

Clause  15  to  read:  "Round  hoops  shall  have  round  threaded  ends, 
passing  through  lugs.  The  joints  used  for  round  hoops  and  all  others 
shall  be  as  designed  or  selected  by  the  engineer." 

Clause   17:     Omit  the   last  two  lines  of  the  clause. 

Clause  18:  Change  the  word  "shall"  in  the  first  line  to  "may." 
Omit  the  word  "preferably." 

Change  clauses  19,  20,  21,  22  and  23  to  conform  to  the  change  in 
clause  18. 

Transpose  the  definitions  given  in  clause  3S  to  clause  i,  and  renumber 
succeeding  clauses. 
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GENERAL  SPECIFICATIONS  FOR  ORDINARY  IRON  OR  STEEL 

WATER  AND  OIL  TANKS. 
Ordinary  tanks  defined. 

1.  Ordinary  tanks  are  those  requiring  plates  not  more  than  ^-in. 
thick. 

Scope  of  specifications. 

2.  These  specifications  cover  ordinary  iron  or  steel  tanks  commonly 
used  by  railways  for  usual  service  conditions  only. 

Quality  of  metal. 

3.  The  metal  in  these  tanks  shall  be  v^rrought-iron  or  open-hearth 
steel. 

The  iron  shall  be  manufactured  from  pure  puddled  iron  having  a  ten- 
sile strength  of  50,000  lbs.  per  sq.  in.     This  iron  shall  contain  of 

Sulphur I not  more  than  .02    per  cent. 

Phosphorus   "        "        "      .005         " 

Carbon  "        "         "      .02 

Manganese   "        "        "      .00  " 

Silicon    "        "        "      .00 

The  steel  shall  conform  in  physical  and  chemical  properties  to  the 
specifications  of  this  Association  for  steel  bridges. 

For  plates  not  more  than  5^-in.  thick,  5^-in.  rivets  shall  be  used.     For 
thicker  plates  the  diameter  shall  be  ^-in. 
Loading. 

4.  The  weight  of  water  shall  be  assumed  to  be  63  lbs.,  crude  oil  56 
lbs.,  and  creosote  (^  lbs.  per  cu.  ft.  Wind  pressure,  acting  in  any  direction, 
shall  be  assumed  to  be,  in  pounds,  thirty  times  the  product  of  the  height 
by  two-  thirds  of  the  diameter  of  the  tank  in  feet. 

Unit  stresses. 

5.  Unit  stress  shall  not  exceed  the  following : 

For  Iron: 

(a)  Tension  in  plates,  10,000  lbs.  per  sq.  in.  on  net  section. 

(b)  Shear  in  plates,  8,500  lbs.  per-sq.  in. 

(c)  Shear  on  rivets,  10,000  lbs.  per  sq.  in. 

(d)  Bearing  pressure  on  field  rivets,  18,000  lbs.  per  sq.  in. 
For  Steel : 

(a)  Tension  in  plates,  i2,oco  lbs.  per  sq.  in.  on  net  section. 

(b)  Shear  in  plates,  10,000  lbs.  per  sq.  in. 

(c)  Shear  on  rivets,  10,000  lbs.  per  sq.  in. 

(d)  Bearing  pressure  on  field  rivets,  18,000  lbs.  per  sq.  in. 
Cylindrical  rings. 

6.  Plates   forming  the  shell  of  the  tank  shall  be  cylindrical  and   of 
different  diameters,  in  and  out,  from  course  to  course. 
Workmanship. 

7.  All  workmanship  shall  be  first-class.  All  plates  shall  be  beveled 
on  all  edges  for  caulking  after  being  punched.     The  punching  shall  be 
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from  the  surface  to  be  in  contact.  The  plates  shall  be  formed  cold  to 
exact  form  after  punching  and  beveling.  All  rivet  holes  shall  be  accurately 
spaced.  Drift  pins  shall  be  used  only  for  bringing  the  parts  together. 
They  shall  not  be  driven  with  enough  force  to  deform  the  metal  about 
the  holes.  Povi^er  riveting  and  caulking  should  be  used.  A  heavy 
yoke  or  pneumatic  bucker  shall  be  used  for  power-driven  rivets.  Riveting 
shall  draw  the  joints  to  full  and  tight  bearing. 
Caulking. 

8.  The  tank  shall  be  made  water  tight  by  caulking  only.  No  for- 
eign substance  shall  be  used  in  the  joints.  For  water  tanks,  the  caulking 
shall  preferably  be  done  on  the  inside  of  tank  and  joint  only;  but  for  oil 
tanks  the  caulking  should  be  done  on  both  sides.  No  form  of  caulking 
tool  or  work  that  injures  the  abutting  plate  shall  be  used. 

Minimum   thickness  of  plates. 

9.  The  minimum  thickness  of  plates  in  the  cylindrical  part  of  tank 
shall  not  be  less  than  ^-in.  and  in  flat  bottoms  not  less  than  ^-in.  In 
curved  bottoms  the  thickness  of  plate  shall  be  not  less  than  that  of  the 
lower  plate  in  the  cylindrical  part. 

Horizontal   and   radial   joints. 

10.  Lap  joints  shall  generally  be  used  for  horizontal  seams  and  splices 
and  for  radial  seams  in  curved  bottoms. 

Vertical  joints. 

11.  For  vertical  seams  and  splices,  lap  joints  shall  be  used  with 
plates  not  more  than  ^-in.  thick.  With  thicker  plates,  double  butt  joints 
with  inside  and  outside  straps  shall  generally  be  used.  The  edge  of  the 
plate  in  contact  at  the  intersection  of  horizontal  and  vertical  lap  joints 
shall  be  drawn  out  to  a  uniform  taper  and  thin  edge. 

Rivet   holes,   punching   and    pitch. 

12.  The  diameter  of  rivet  holes  shall  be  i^cj-in.  larger  tlian  tlie  diam- 
eter of  the  rivets  used.  The  punching  shall  conform  to  the  specifications 
of  this  Association  for  such  work  on  steel  bridges.  A  close  pitch,  with 
due  regard  for  thickness  of  plate  and  balanced  stress  between  tension 
on  plates  and  shear  on  rivets,  is  desirable  for  caulking. 

Tank   support. 

13.  If  the  tank  is  supported  on  iron  or  steel  columns  with  bracing, 
the  metal  in  such  substructure  shall  conform  to  these  specifications,  and 
the  anchorage  and  workmanship  thereof  shall  conform  to  the  specifications 
of  this  Association  for  the  manufacture  and  erection  of  steel  bridges. 
Painting. 

14.  After  being  completely  erected,  caulked  and  cleaned  of  dirt,  rust 
and  scale,  all  exposed  metal  work  shall  be  painted  or  treated  with  such 
coat  or  coats  of  paint  or  metal  preservative  as  shall  be  selected  by  the 
railway  company. 

Plans  and  specifications. 

15.  Under  these  specifications  and  in  conformity  thereto  the  railway 
company  shall  cause  to  be  prepared  or  shall  approve  detailed  plans  and 
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specifications  for  such  tanks,  herein  specified,  as  it  shall  construct.     Such 
plans  and  specifications  shall  cover  all  necessary  tank  auxiliaries. 


SPECIFICATIONS  FOR  AN  IRON  OR  STEEL  WATER  TANK. 

Kind. 

1.  The  tank  shall  be  of  iron  or  steel  on  a  foundation,  as  shown  on 
the  drawings. 

Capacity. 

2.  The  capacity  of  the  tank  should  be  within  the  limits  of  50,000  and 
ioc,ooo  gallons,  exclusive  of  the  lower  20  ft.  of  the  tank.  The  height  of 
the  tank  from  bottom  to  top  of  shell  should  be  within  12  in.  of  40  ft.  A 
diameter  of  30  ft.  is  recommended.  On  this  basis  the  drawings  have  been 
made.  The  latter  shall  be  made  to  meet  the  requirements  of  the  height 
and  diameter  selected  by  the  engineer. 

Location. 

3.  The  tank  is  designed  to  deliver  water  to  locomotives  through 
water  columns.  The  floor  of  the  tank  shall  not  be  lower  than  the  tracks 
served.  If  water  columns  are  not  used,  the  location  of  the  tank  and  the 
necessary  tank  fixtures  shall  be  such  as  shall  be  selected  by  the  company. 

Excavation. 

4.  In  earth,  the  excavations  for  the  concrete  footings  and  the  pipes 
shall  be  as  deep  as  the  lowest  frost  line,  with  a  minimum  depth  of  4  ft. 
In  rock,  only  the  trenches  for  the  pipes  shall  be  carried  below  the  action 
of  frost.  In  earth,  the  bottom  of  the  excavations  shall  be  thoroughly 
lamped  to  discover  and  compact  any  soft  places.  If  the  earth  will  not 
sustain  the  total  load,  including  wind  pressure,  without  material  or  un- 
equal settlement,  the  foundation  shall  be  supported  on  piles  of  the  num- 
ber, size  and  arrangement  as  determined  by  the  engineer.  Such  piles 
shall  conform  to  the  specifications  of  this  Association  for  piling,  as  selected 
by  the  engineer. 

Foundation. 

5.  The  foundation  shall  consist  of  a  ring  of  concrete  under  the  shell 
of  the  tank  enclosing  a  broken  rock  foundation,  as  shown.  Under  the 
broken  rock  the  earth  shall  be  excavated,  back  filled  and  tamped  to  such 
depth  and  in  such  manner  as  may  be  necessary  to  secure  proper  support. 
Valve  box. 

6.  The  concrete  valve  box  for  the  piping  shall  be  constructed  as  a 
part  of  the  foundation,  as  shown.  The  manhole  frame  through  the  top 
of  the  box  shall  be  in  one  piece  of  first-class  cast-iron  with  double  seat 
and  double  cover.  The  latter  shall  preferably  be  of  wood.  When  low 
temperatures  require  to  prevent  freezing  within  the  box,  an  air  space 
shall  be  constructed  in  the  middle  of  that  portion  of  the  box  walls  outside 
of  the  tank  foundation.  When  the  absence  of  low  temperatures  permit, 
the  air  space  and  the  lower  manhole  cover  m.ay  be  omitted. 
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Anchor  bolts. 

7.  When  wind  pressure  requires,  the  tank  shall  be  anchored  to  the 
foundation  by  anchor  bolts  and  lugs,  as  shown,  and  as  designated  or 
approved  by  the  engineer. 

Concrete. 

8.  The  concrete  in  the  foundation  of  the  tank  and  the  side  walls 
of  the  valve  box  shall  be  a  1-3-5  mix,  made  and  laid  in  accordance  with 
the  specifications  of  this  Association  for  Portland  Cement  Concrete.  In 
the  top  and  bottom  of  the  valve  box  the  concrete  shall  be  a  1-2-4  mix, 
made  and  laid  in  accordance  with  the  specifications  of  this  Association  for 
reinforced  Portland  Cement  Concrete.  The  extreme  fiber  stress  on  con- 
crete shall  not  exceed  600  lbs.,  and  in  steel  shall  not  exceed  12,000  lbs. 
per  sq.  in.  as  given  by  the  straight  line  formula. 

Reinforcing  rods  and  anchor  bolts. 

9.  These  rods  and  bolts  shall  be  of  steel  and  in  quality  they  shall 
fulfill  the  requirements  of  these  specifications  for  the  steel  in  this  tank. 

Piping. 

10.  The  tank  shall  be  equipped  with  cast-iron  piping  and  standard 
gate  valves,  as  shown.  There  shall  be  a  tank  supply  pipe,  a  water-column 
supply  pipe,  an  overflow  pipe  and  a  washout  pipe,  the  latter  two  being 
combined  in  the  valve  box  beyond  the  valve  closing  the  washout  pipe. 
There  shall  be  no  valve  in  the  overflow  pipe.  For  gravity  supply  the 
tank  supply  pipe  shall  be  carried  to  the  top  of  the  tank  and  be  capped 
by  a  float  valve.  The  washout  pipe  shall  terminate-  flush  with  the  tank 
bottom.  The  water-column  pipe  shall  extend  several  feet  above  the  bot- 
tom but  not  higher  than  the  top  of  the  water  column.  All  piping  shall 
pass  through  the  bottom  of  the  tank,  preferably  in  cast-iron  stuffing  boxes 
with  lead  joints,  as  shown,  but  other  forms  of  stuffing  box  and  joint  may 
be  used. 

All  pipes  and  castings  in  quality,  manufacture  and  inspection  shall 
fulfill  the  requirements  of  the  specifications  of  the  New  England  Water 
Works  Association  for  cast-iron  pipe. 

The  weights  and  diameters  of  the  pipes  shall  be  determined  by  the 
engineer.     No  pipe  shall  have  an  inside  diameter  less  than  4  in. 
Sludge  hole. 

11.  A  sludge  hole  shall  be  constructed  in  the  side  of  the  tank  at  the 
bottom,  as  shown,  and  as  designed  or  approved  by  the  engineer.  This 
opening  shall  preferably  have  a  reinforcing  ring  and  a  cover  plate,  as 
shown,  but  other  forms,  including  cast-iron,  may  be  used. 

If  the  absence  of  sediment  in  the  water  justifies,  this  opening  may  be 
omitted. 
Roof. 

12.  The  tank  roof  shall  be  constructed  of  metal,  including  manhole, 
as  shown.  If  necessary  to  prevent  ice  forming  to  an  injurious  or  trouble- 
some degree  over  the  water  in  the  tank,  a  ceiling  shall  be  constructed 
under  the   roof  of  doubled   i-in.  by  6-in.  lumber,  No.   i   common   of  the 
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Lumbermen's  Association  for  the  district  supplying  the  material,  with 
a  layer  of  heavy  tar  felt  between.  This  ceiling  shall  be  nailed  to  2-in.  by 
4-in.  nailing  strips,  bolted  to  the  top  of  I-beams  carrying  the  ceiling.  The 
latter  shall  be  standard  beams  of  proper  weight  and  spacing  for  the  span 
and  load  and  shall  be  carried  by  the  shell  of  the  tank  through  standard 
connections. 

Where  ice  will  not  form,  as  specified  above,  and  sunlight  will  not 
cause  vegetable  growth  in  the  water,  the  entire  roof  and  ceiling  may  be 
omitted,  in  which  event  finish  top  of  tank  shell  by  a  ^-\n.  by  3-in.  by  3-in. 
angle. 

Ladder. 

13.  The  ladder  shall  be  constructed,  as  shown,  and  as  designed  or 
selected  by  the  engineer.  The  metal  in  this  ladder,  in  quality  and  manur 
facture,  shall  fulfill  the  requirements  of  these  specifications  for  the  metal 
in  the  tank. 

METAL    SPECIFICATIONS. 

Quality  of  metal. 

14.  The  metal  in  the  tank  shall  be  wrought-iron  or  open-hearth  steel. 
-The  iron  shall  be  manufactured  from  pure  puddled  iron  having  a  ten- 
sile strength  of  50,000  lbs.  per  sq.  in.    This  iron  shall  contain  of 

Sulphur not  more  than  .02  per  cent. 

Phosphorus    "        "        "      .005       " 

Carbon   "        "        "      .02 

Manganese   "        "        "       .00        " 

Silicon    "        "        "      .00 

The  steel  shall  conform  in  physical  and   chemical   properties   to  the 
specifications  of  this  Association  for  steel  bridges. 
The  rivets  shall  be  5^-in.  in  diameter. 

Loading. 

15.  The  weight  of  water  shall  be  assumed  to  be  6^  lbs.  per  cu.  ft. 
Wind  pressure,  acting  in  any  direction,  shall  be  assumed  to  be,  in  pounds, 
thirty  times  the  product  of  the  height  by  two-thirds  of  tlie  diameter  of  the 
tank  in  feet. 

Unit  stresses. 

16.  Unit  stresses  shall  not  exceed  the  following: 

For  Iron : 

(a)  Tension  in  plates,  10,000  lbs.  per  sq.  in.  on  net  section. 

(b)  Shear  in  plates,  8,500  lbs.  per  sq.  in. 

(c)  Shear  on  rivets,  io,oco  lbs.  per  sq.  in. 

(d)  Bearing  pressure  on  field  rivets,  18,000  lbs.  per  sq.  in. 
For  Steel : 

(a)  Tension  in  plates,  12,000  lbs.  per  sq.  in.  on  net  section. 

(b)  Shear  in  plates,  10,000  lbs.  per  sq.  in. 

(c)  Shear  on  rivets,  10,000  lbs.  per  sq.  in. 

(d)  Bearing  pressure  on  field  rivets,  18,000  lbs.  per  sq.  in. 
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Cylindrical. 

17.  Plates  forming  the  shell  of  the  tank  shall  be  cylindrical  and  of 
different  diameters,  in  and  out,  from  course  to  course. 
Workcmanship. 

18.  All  workmanship  shall  be  first-class.  All  plates  shall  be  beveled 
on  all  edges  for  caulking  after  being  punched.  The  punching  shall  be 
from  the  surface  to  be  in  contact.  The  plates  shall  be  formed  cold  to 
exact  form  after  punching  and  beveling.  All  rivet  holes  shall  be  accurately 
spaced. 

Drift  pins  shall  be  used  only  for  bringing  the  parts  together.  They 
shall  not  be  driven  with  enough  force  to  deform  the  metal  about  the  holes. 

Power  riveting  and  caulking  shall  be  used.     A  heavy  yoke  or  a  pneu- 
matic bucker  shall  be  used  for  power-driven  rivets.     Riveting  shall  draw 
the  joints  to  full  and  tight  bearing. 
Caulking. 

19.  The  tank  shall  be  made  water  light  by  caulking  only.  No  for- 
eign substance  shall  be  used  in  the  joints.  The  caulking  shall  preferably 
be  done  on  the  inside  of  the  tank  and  joints  only.  No  form  of  caulking 
tool  or  work  that  injures  the  abutting  plate  shall  be  used. 

Minimum  thickness  of  plate. 

20.  The  minimum  thickness  of  plates  used  in  the  cylindrical  part  of 
the  tank  shall  be  ^-in.  and  in  the  bottom  /s-in. 

Joints. 

21.  Lap  joints  shall  be  used  for  all  horizontal  joints  and  for  vertical 
joints  in  plates  not  more  than  >^-in.  thick.  With  thicker  plates,  double 
butt  joints,  with  inside  and  outside  straps,  shall  generally  be  used.  The 
edge  of  the  plate  in  contact  at  the  intersection  of  horizontal  and  vertical 
lap  joints  shall  be  drawn  out  to  a  uniform  taper  and  thin  edge. 

Rivet   holes,   punching   and   pitch. 

22.  The  diameter  of  rivet  holes  shall  be  t^-in.  larger  than  the  diam- 
eter of  the  rivets  used.  The  punching  shall  conform  to  the  specifications 
of  this  Association  for  such  work  on  steel  bridges.  A  close  pitch,  with 
due  regard  for  thickness  of  plate  and  balance  stress  between  tension  on 
plates  and  shear  on  rivets,  is  desirable  for  caulking. 

Gage. 

23.  The  tank  shall  be  equipped  with  a  gage  indicator  and  float, 
according  to  the  design  or  selection  of  the  engineer. 

Painting. 

24.  After  being  completely  erected,  caulked  and  cleaned  of  dirt,  rust 
and  scale,  all  metal  work  shall  be  painted,  inside  and  out,  with  two  coats 
of  paint,  using  the  company's  standard  paint  and  colors  for  such  work. 
Definitions. 

25.  The  words  "company,"  "engineer,"  "drawings,"  "as  shown"  and 
"this  Association"  appearing  in  these  specifications  are  defined  as  follows : 

"Company"  means  the  railway  company  building  a  tank  under  these 
specifications. 
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"Engineer"  means  the  engineer  of  the  company. 

"Drawings"  means  the  drawings  of  the  tank  herein  specified  and 
forming  a  part  of  these  specifications,  including  such  working  drawings 
as  the  engineer  shall  prepare  or  approve. 

"As  shown"  means  as  shown  on  the  drawings.  '^ 

"This  Association"  means  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association. 

CONCLUSIONS. 

The  Committee  desires  that  action  be  taken  on  this  report  as  follows : 
(i)     That   the    plans    and   specifications    for   the   reinforced    concrete 
tank  be  received  as  information  and  the  work  continued. 

(2)  That  the  specifications  for  wooden  water  tank  be  approved  as 
submitted  and  published  in  the  Manual. 

(3)  That  the  specifications  for  ordinary  iron  or  steel  water  tanks  be 
approved  as  submitted  and  published  in  the  Manual. 

(4)  That  the  specifications  for  iron  or  steel  water  tanks  be  approved 
as  submitted  and  published  in  the  Manual. 

(5)  That  the  design  submitted  for  wooden  water  tank  be  approved 
as  good  practice  and  published  in  the  Manual. 

(6)  That  the  design  submitted  for  metal  standpipe  type  of  water 
tank  be  approved  as  good  practice  and  published  in  the  Manual. 

Respectfully  submitted, 

C.    L.    Ransom,    Resident    Engineer,    Chicago    &    Northwestern    Railway, 
Omaha,  Neb.,  Chairman. 

Robert  Ferriday,   Engineer  Maintenance   of  Way,   Cleveland,   Cincinnati, 
Chicago  &  St.  Louis  Railway,  Indianapolis,  Ind.,  Vice-Chairman. 

James    Burke,    Engineer    Maintenance    of   Way,     Erie     Railroad,     Cleve- 
land, Ohio. 

J.   L.  Campbell,  Engineer   Maintenance  of  Way,   EI   Paso  &   Southwest- 
ern Railway,  El  Paso,  Tex. 

H.  M.  Church,  Division  Engineer,  Baltimore  &  Ohio  Southwestern  Rail- 
road, Cincinnati,  Ohio. 

G.   ^.  Herrold,  Engineer  Maintenance  of  Way,   Chicago  Great  Western 
Railroad,  St.  Paul,  Minn. 

E.  G.  Lane,  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio  Railroad, 
Pittsburg,  Pa. 

A.  Mordecai,  Consulting  Engineer,  Cleveland,  Ohio. 

C.  A.  Morse,  Chief  Engineer,  Atchison,  Topeka  &  Santa  Fe  Railway  Sys- 
tem, Topeka,  Kan. 

W.  A.   Parker,  Chief  Engineer,  St.  Joseph  &  Grand   Island   Railway,   St. 
Joseph,  Mo. 

L.  P.  Rossiter,  Hazelwood,  Pa. 

A.  D.  Schermerhorn,  Division  Engineer,  Union  Pacific  Railroad,  Omaha 
Neb. 

Committee- 


Appendix    A. 

WATER  STATIONS   FOR   TRACK   PANS. 

DESIGN    OF    TRACK    PANS. 

The  Committee  has  received  copies  of  standards,  information  rela- 
tive to  design  and  operation  and  data  from  tests  of  Track  Pans  used  by 
different  railroads  in  this  country.  The  standards,  information  and  tests 
have  been  analyzed  and  compared,  with  the  following  results : 

ECONOMICS. 

Track  Pans  are  primarily  used  to  enable  trains  to  take  water  while 
in  motion.  Their  use  up  to  the  present  time  has  been  almost  entirely 
confined  to  fast  passenger  trains  making  long  runs  between  regular  stops, 
but  with  increased  efficiency  from  design  of  pans,  methods  of  feeding  and 
keeping  water  from  freezing  and  improved  scoops,  the  track  pan  is  being 
adopted  for  freight  trains,  especially  where  it  is  desirable  to  keep  trains 
moving,  and  in  consideration  of  the  excess  cost  of  stopping  and  starting, 
the  wear  and  tear  of  rolling  equipment  and  the  danger  of  breaking  draft 
gear.  The  relative  economy  of  the  delivery  of  water  to  locomotives  by 
the  Track  Pan  and  by  the  tank  spout  or  standpipe  is  dependent  from  an 
operating  standpoint  upon  the  following: 

First  cost,  interest,  depreciation,  maintenance,  operation,  including 
cost  of  water,  loss  of  energy  expended  in  drawbar  pull  overcoming  the 
dynamic  pressure  of  water  from  pan  or  scoop,  speed  of  trains,  ruling 
grade,  loss  of  time  and  cost  of  stopping  and  starting,  including  wear 
and  tear  on  rolling  equipment,  etc.  These  factors  will  have  a  wide  vari- 
ance for  different  locations  and  designs ;  hence  each  particular  case  should 
be  figured  separately. 

LOCATION. 

AUnement. — The  Track  Pan  should  preferably  be  located  on  tangent, 
although  it  is  possible  to  place  same  on  curves  up  to  three  degrees  and 
obtain  fair  results.  The  Pennsylvania  Railroad  and  the  Philadelphia  & 
Reading  Railroad  have  pans  on  two-degree  curves  which  have  proven  sat- 
isfactory. The  disadvantage  of  placing  pans  on  curves,  besides  some 
additional  first  cost  and  cost  of  maintenance,  are  the  difficulty  of  keeping 
pans  in  surface  and  soine  additional  waste  of  water  from  spray  and  water 
washing  over  sides. 

GRADE. 

The  Pan  should  be  laid  on  a  level  grade  with  grade  of  approaches 
such  as  to  allow  minimum  speed  required  over  pan  to  properly  take  water, 
and  for  this  reason  Track  Pans  should  be  away  from  stations,  yards, 
railroad  crossings,  drawbridges,  etc. 
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FOUNDATION. 

Pans  are  set  directly  on  ties,  the  ties  being  dapped  out  about  two 
inches  and  width  of  pan  to  form  seat  and  allow  top  of  pan  to  be  the  same 
elevation  as  top  of  rail.  The  pan  is  held  in  position  and  anchored' by  side 
lugs  fastened  to  ties  by  ordinary  or  special  form  of  spike  or  bolt  with 
proper  allowance  for  expansion  and  contraction  of  the  material.  The 
section  of  tie  should  be  larger  than  ordinary  and  of  white  oak  or  other 
hard  wood.  On  account  of  the  large  amount  of  waste  water  thrown  over 
sides  of  pan,  special  attention  should  be  given  to  drainage.  Figs,  i,  2  and 
3  show  the  standard  types  of  foundation  under  ties  of  the  New  York  Cen- 
tral &  Hudson  River  Railroad,  Lake  Shore  &  Michigan  Southern  Railway 
and  the  Baltimore  &  Ohio  Railroad.  It  is  not  desired  to  discuss  the  merits 
of  these  types  with  the  information  at  hand,  but  it  is  believed  that  there 
are  several  different  designs  of  foundation  possible  which  will  give  satis- 
factory results. 


N.  Y.  C.a.  H.  R.  R.  R 
'="iaur-e  1-B. 


L..S.  ac    M.  3.   R. 


,.--^^- 


B.  fit  o.    Fe.  R. 


CROSS  5e:ctions. 

SHOWING  TI5ACK  DP^INAGE 
FOR 

TRACK      PANS. 


LENGTH. 

The  length  of  pan  is  one  of  the  factors  which  determines  the  capacity 
The  economical  length  is  dependent  on  the  width  of  pan,  size  and  adjust- 
ment of  scoop,  quantity  of  water  to  be  taken  into  locomotive  tanks  during 
a  given  tune  and  speed  and  time  taken  to  fill  pan. 

Table  i  shows  the  length  of  pan  used  by  diflferent  railroads.  Table  2 
shows  the  average  number  of  gallons  of  water  taken  into  locomotive  tank 
with  the  corresponding  number  of  gallons  removed  from  tank  and  wasted 
per  foot  of  length  of  pan  by  a  scoop  of  cross-section  6'/^  in  by  12  in  and 
pans  19  m.  and  29  in.  wide  for  speeds  of  from  20  to  60  miles  per  hour 
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Railroad 

Length 
(Feet) 

Cross-Sections 
(Inches) 

Method  of 
Heating 

Width 

Depth 

Penna.  R.  R 

1200,  1500  &  1800 

19  and  29 

6 

Two-pipe  circula- 
tion 

L.  S.  &  M.  S.  Ry.... 

2000 

19 

7% 

Steam,  two -pipe 
circulation  and 
one-pipe  circu- 
lation 

B.   &  O.   R.   R 

1200 

19 

6 

Steam 

Mich.    Central  R.  R.. 

1600 

19% 

7 

S'team 

N.  Y.,  New  Haven  & 
Hartford  R.  R 

1250 

19 

6 

Steam 

New  York  Central  & 
Hudson  R.  R.  R... 

1400 

23% 

7 

Steam 

TABLE  NO.  2. 

Note. — (1)  This  table  shows  the  average  quantities  taken  from  track  pan, 
taken  into  tank  and  wasted,  from  several  tests,  with  average  conditions. 
These  quantities  are  dependent  on  the  design  of  pan  and  scoop  and  depth 
of  emersion  of  scoop  in  water. 


a 

Ph  to 
vi  <u 

Iffi 
-a   . 
a;  a, 

Number  of  Gallons  Taken 
Into  Locomotive  Tank 

Number  of  Gallons  Taken 
Out  of  Track  Pan  =  100% 

Per 
Cent 

Per  Ft. 

of 
Length 
of  Pan 

For 
Length 
of  Pan=- 
1200  Ft. 

2040 

For 
Length 
of  Pan= 

2000  Ft. 

Per  Ft. 

of 
Length 
of  Pan 

For 
Length 
of  Pan= 
1200  Ft. 

For 
Length 
of  Pan= 

2000  Ft. 

of 
Waste 

19 

20 

1.70 

3400 

2.10 

2520 

4200 

.19 

19 

30 

1.90 

2280 

3800 

2.20 

2640 

4400 

.14 

19 

40 

2.00 

2400 

4000 

2.20 

2640 

4400 

.09 

19 

50 

1.85 

2220 

3700 

2.35 
2.80 

2820 

4700 

.21 

19 

60 

1.70 

2040 

3400 

3360 

5600 

.39 

29 

20 

2.20 

2640 

4400 

2.90 

3480 

5800 

.24 

29 

30 

2.30 

2760 

4600 

2.90 

3480 

5800 

.21 

29 

40 

1.90 

2280 

3800 

2.65 

3180 

5300 

.28 

29 

50 

1.70 

2040 

3400 

2.70 

3240 

5400 

.37 

29 

60 

1.50 

1800 

3000 

3.00 

3600 

6000 

.50 

CROSS-SECTION. 

The  different  pans  in  use  at  the  present  time  are  almost  exclusively 
of  built-up  steel  sections,  although  pans  of  cast-iron  and  wood  have  been 
used  with  less  success.  The  type  of  section  is  a  matter  of  structural  detail. 
The  important  considerations  are  rigidity,  life  and  first  cost.  The  depth 
should  be  7  in.  to  7^  in.  so  as  to  allow  top  of  pan  to  be  at  same  elevation 
as  top  of  rail  with  a  maximum  dap  in  tie  of  not  more  than  2  in.  to  2\4  in. 


WATER   SERVICE. 


359 


A  width  of  19  in.  has  been  found  to  be  the  most  efficient  and  economical 
for  the  operation  of  fast-speed  trains  and  combined  fast  and  slow-speed 
trains.  The  larger  width  of  29  in.  has  some  advantage  in  the  quantity 
water  taken  into  locomotive"  tank  per  foot  of  length  of  pan  for  slow  speeds, 
but  this  is  partly  offset  by  the  additional  waste.  Figs.  4,  5,  6,  7,  8  and  9 
show  different  sections  of  pans  that  have  been  found  to  meet  the  require- 
ments. 


Micbijjan  Central    R.R. 
Fijjure    IV. 


B.    fit     O.    R.    R 


L.  S.    &   M.  S.  R/. 

Figure     VI. 

KA\- • .  9" 


r^i 


N    Y   N.  H  et  H.  t5.  C 
Figure    VIII. 


PenRsylvania     R.R.. 

Fleiona  VII. 


-^i^ 


Jf.^k^ 


"i 


N.  Y.  C.   fib    H.   fS.  e.  R. 
Fijur«    IX  . 


END    INCLINES. 


The  end  inclines  should  be  substantially  built  to  resist  the  larger 
amount  of  impact  to  which  they  are  at  times  subjected  by  badly  adjusted 
scoop,  hanging  under  gear,  etc.  They  should  be  built  as  a  part  of  the 
body  of  pan  forming  ends.  The  rate  of  incline  in  direction  of  travel,  in 
and  out  of  pan,  should  not  be  more  than  ^-in.  to  i  ft.  o  in.  of  length  and 
of  perfectly  smooth  surface. 

WATER   CONNECTIONS. 

The  size  and  number  of  supply  pipes  should  be  determined  from  the 
pressure,  number  of  openings  and  minimum  time  required  to  fill  pan.  For 
expansion  and  contraction  proper  provision  should  be  made  in  the  form  of 
corrugated  or  rubber  hose,  or  by  packed  or  special  joints.     The  placing  of 
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pipes  in  cross  tunnels  at  inlets  allows  the  taking  care  of  water  run  off 
from  broken  pipes,  assists  in  drainage  and  facilitates  repairs.  There  are 
two  methods  of  regulating  the  filling  of  pans,  viz.:  (i)  by  man  operation; 
(2)  automatic  valve.  The  latter  method  is  generally  the  more  dependable 
and  under  average  conditions  should  give  the  more  economical  and  satis- 
factory result.  The  inlet  should  be  so  designed  as  to  allow  the  minimum 
disturbance  by  flow  of  water  into  pan  with  corresponding  minimum  loss 
from  friction.  The  deflector,  enlargement  of  section  of  pipe  at  inlet  and 
perforated  plates  are  used  at  the  present  time. 

METHODS   OF  HEATING. 

To  keep  the  temperature  of  water  in  pan  below  the  freezing  point  or 
to  raise  the  freezing  point  to  avoid  or  remove  the  formation  of  ice  at  top 
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STEAM     HE.AT1NG    METHOD 

Figur«    X. 


Track.    Trough 
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\  t  j^     Water  supply  pipe 1 
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TWO  PIPE  CIRCULATION   METHOD 

Fij^ura   XI. 

of  pan  so  that  water  can  be  taken  during  freezing  temperature,  the  follow- 
ing methods  are  used : 
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( 1 )  Blowing  steam  in  water  through  nozzles  in  sides  of  pans  spaced 
at  intervals  of  20  ft.  0  in.  to  30  ft.  o  in.  along  length  of  pan. 

(2)  Circiilatingf  the  watrr  in  oaii  hy  means  nf  a  D"mp  and  heater  or  ■ 
an  injector. 

Figs.  10,  II  and  12  show  diagram  outlines  of  the  steam  heating  and 
one  and  two  pipe  circulating  methods  respectively.  The  results  obtained 
by  the  steam  heating  method  have  been  mostly  satisfactory,  but  on  account 
of  the  large  amount  of  energy  expended  and  the  number  of  connections, 
etc.,  to  keep  up  there  is  a  general  tendency  towards  the  use  of  the  circu- 
lating method,  although  results  obtained  up  to  the  present  time  have  not 
been  entirely  satisfactory. 


X , i    k      Wober-  gupplj^ I 

Automof.o    volv*  j;-        n  /Xokomatlc 


6  Water 
Tank.. 

ONE   PIPE  CIRCULATION    METHOD. 

Fl^ura  XII. 

THE  DEVELOPA/IENT  OF  THE  DESIGN  OF  TRACK   PAN. 

The  first  track  pan  of  which  any  record  is  given  was  installed  on  the 
London  &  Northwestern  Railway  of  England,  about  1857,  and  was  known 
as  the  Ramsbottom  Track  Tank,  its  inventor  being  Sir  J.  Ramsbottom. 
The  first  track  pan  in  this  country  was  installed  by  the  New  York  Central 
&  Hudson  River  Railroad  in  1870,  at  Montrose,  between  New  York  and 
Albany.  It  was  for  the  use  of  the  fast  Saratoga  trains  at  that  time,  was 
supplied  with  water  by  a  hand  pump,  and  no  provision  was  made  against 
cold  weather,  its  use  being  discontinued  in  the  winter. 

The  first  track  pan  in  which  provision  was  made  for  filling  the  pan 
by  steam  pump  and  the  heating  of  water  in  pan  during  the  winter  to 
prevent  freezing,  was  installed  by  the  Baltimore  &  Ohio  Railroad  in  1889 
at  Stanton,  between  Baltimore  and  Philadelphia,  for  the  use  of  their  fast 
passenger  trains  between  these  points.  Fig.  No.  XIX  shows  the  plan 
and  general  details  of  this  pan,  which  has  been  used  continually  up  to  the 
present  time.  The  filling  of  this  pan  is  regulated  by  man  operation  and 
the  water  in  pan  heated  during  freezing  temperature  by  steam  admitted 
through  nozzles  in  sides  of  pan. 

The  development  of  the  design  of  Track  Pan  since  the  first  installation 
by  the  Baltimore  &  Ohio  Railroad  has  been  practically  inappreciable,  but 
at  the  present  time  this  method  of  delivery  of  water  to  locomotives  is 
receiving  the  attention  of  the  operating  and  engineering  departments  of 
several  railroads  and  the  further  development  of  the  track  pan  and  also 
the  locomotive  scoop  is  to  be  expected. 
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In  this  connection  the  track  pan  water  station  now  being  built  by  the 
Pennsylvania  Lines  West  of  Pittsburg  at  Fort  Wayne,  Ind.,  plan  and  gen- 
eral detail  of  which  are  shown  in  Fig.  XX,  and  by  the  Lake  Shore  & 
Michigan  Southern  Railway  at  Painesville,  O..  plans  and  general  details 
of  which  are  shown  in  Figures  XXI,  XXII,  XXIII,  XXIV,  and  XXV,  and 
a  description  by  Mr.  H.  H.  Ross,  assistant  engineer.  Appendix  B,  show 
much  development  in  the  general  layouts  and  development  of  details. 
These  plants,  at  Fort  Wayne  and  Painesville,  when  in  operation,  should 
afford  a  study  of  the  relative  efficiency  of  the  one  and  two  pipe  circulating 
systems,  respectively,  in  their  latest  development. 

THE  ACTION  OF  SCOOP  IK  PAN. 

The  action  of  the  scoop  while  taking  water  from  the  pan  is  more  or 
less  as  a  blunt  plow.  At  speeds  above  thirty  miles  per  hour  it  is  very 
apparent  that  the  velocity  of  the  water  entering  into  the  scoop  is  less  than 
the  velocity  of  the  tender;  this  has  the  effect  of  throwing  out  of  the  pan, 
especially  at  higher  speeds,  the  water  on  either  side  of  the  point  of  the 
scoop -and  between  it  and  the  sides  of  the  pan.  As  the  speed  diminishes 
below  thirty  miles  per  hour  a  wave  action  is  set  up  in  front  of  the  dipper, 
the  water  being  piled  up  until  it  falls  over  the  sides.  This  wave  increases 
in  size  up  to  the  point  where  the  velocity  imparted  to  it  is  less  than  that 
necessary  to  overcome  the  resistance  due  to  gravity  and  friction,  when,  of 
course,  no  more  water  is  lifted. 

The  dynamic  pressure  exerted  by  a  surface  moving  in  still  water  is 
equal  to  that  produced  by  a  stream  flowing  with  the  sa'me  velocity  against 
a  surface  at  rest.  By  the  action  of  the  scoop  in  the  pan  a  dynamic  pressure 
is  produced  in  the  opposite  direction  to  the  motion  of  scoop,  the  resultant 
of  which  is  counteracted  by  the  draw  bar  piill. 
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Let  F  =Force  of  impulse  in  pounds. 

Let  F'=:Component  of  F  in  direction  of  initial  motion. 

Let  P=:Dynamic  pressure  in  pounds  produced  in  direction  of  initial 

motion=Drawbar  Pull.  ^ 

Let  W=Weight  of  water  removed  from  pan  per  second. 
Let  V  =VeIocity  of  scoop  in  pan  in  feet  per  second. 
Let  G  :=Acceleration  due  to  gravity=32.2. 

F  =  W- (I) 

g 

The  water  from  pan  entering  the  inside  surface  of  scoop  and  the  im- 
pact produced,  by  water  coming  in  contact  with  the  outside  surfaces  of 
scoop  develops  the  dynamic  pressure  and  drawbar  pull.  The  dynamic 
pressure  produced  by  the  water  entering  the  inside  surface  of  scoop  de- 
pends upon  its  change  of  direction  from  Fig.   (i). 

P=F— F^=F  (i— cos  e) (2) 

Substituting  for  F  its  value  as  given  in ( i ) 

V 

P=  (i  — C0S6I)  W  — (3) 

g 

Assuming  e=yo  deg.  which  is  a  very  fair  approximation  for  the 
scoops  used  at  the  present  time  and  substituting  in  (3)  the  values  for 
(i — cos  6)  and  g. 

P=.02043   W.V (4) 

The  quantity  of  water  which  enters  the  inside  surface  of  scoop  is 
equal  to  the  quantity  of  water  taken  into  tank  and  the  difference  between 
this  quantity  and  the  total  quantity  removed  from  pan  is  the  waste  which 
produces  the  impact  by  coming  in  contact  with  outside  surfaces  of  scoop. 
The  effect  of  this  impact  cannot  be  determined,  but  a  fair  assumption  is 
that  it  will  produce  the  same  dynamic  pressure  as  the  same  quantity  of 
water  entering  scoop.  Neglecting  friction  and  other  minor  disturbance 
which  are  practically  negligible  the  value  of  P  as  given  in  (4),  in  which 
W=weight  of  water  removed  from  pan  per  second,  is  a  fair  approxima- 
tion of  the  drawbar  pull. 

Drawbar  pull=P^.02043  W.V. 

Using  the  values  of  W  and  V  for  19  in.  pans  as  derived  from  table 
2 — the  drawbar  pull  is  found  to  be : 

TABLE  NO.  3. 


Speed  in 

Miles 

Drawbar  Pull  in 

Developed  Horse 

per  Hour. 

Pounds. 

Power. 

20 

308 

16.00 

30 

727 

58.00 

40 

1292 

13700 

50 

2156 

287.00 

60 

3698 

592.00 
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These  values  of  the  drawbar  pull  are  in  close  approximation  with 
values  as  found  in  actual  tests.  It  will  be  noted  that  the  drawbar  and 
corresponding  developed  horsepower,  for  high  speeds,  would  consume  a 
large  part  of  the  available  horsepower  of  the  locomotive,  but  as  the  in- 
crease in  the  kinetic  energy  of  the  moving  train  is  in  much  greater  pro- 
portion, for  the  higher  speeds,  the  retardation  effect  of  the  scoop  in  water 
will  not  be  very  apparent  although  it  will  effect  some  slowing  up  of  the 
train. 

In  considering  the  efficiency  of  a  particular  scoop  and  pan,  the  two 
important  considerations  are : 

(i)  The  total  amount  of  water  taken  into  the  locomotive  tank  from 
the  pan. 

(2)     The  total  amount  of  water  wasted  from  the  pan. 

Prof.  I.  P.  Church  of  Cornell  University  made  a  mathematical  investi- 
gation of  water  scoops  as  follows : 

(i)  Considering  an  open  trough  with  sides  of  sufficient  height  to 
keep  water  from  flowing  over  (Fig.  A). 


Fig.  a. 

V  

h  =  — ,  V— V  2gh (i.) 

2  g 
From  Bernoullis  Law — "At  any  section  of  a  tube  or  pipe,  under  steady 

flow  without  friction,  the  pressure-head  plus  the  velocity  head  is  equal  to 
the  hydrostatic  head  that  obtains  when  there  is  no  flow." 

y/a  yz 

= h' (2.) 

2g  2g 

Let  F  =  sectional  area  of  the  stream  at  the  bottom. 
Let  F'  =  sectional  area  of  the  stream  at  any  height. 
Since  with  a  steady  flow  this  product  is  constant   (neglecting  all  friction). 

F'  V  =  F  V (3-) 

FV  ■     FV 

F'== = (4) 

V        V  V^  — 2gh' 

The  effect  of  a  diminished  velocity  is  to  produce  a  thickening  or 
increase  of  depth  (if  width  of  trough  is  uniform)  of  stream.  It  is  evi- 
dent that  the  top  of  the  scoop  at  A  must  not  be  permitted  to  dip  too  far 
below  the  surface,  i.  e.,  too  great  a  value  must  not  be  given  to  the  sec- 
tional area  F  at  A,  otherwise  the  sections  above,  all  of  which  are  larger 
than  F,  would  become  too  great  and  the  water  would  tend  to  overflow 
the  sides.     Assuming  a  convenient  low  value   for  the  velocity  V"    (not 
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calling  for  too  great  a  depth  of  stream)  at  the  highest  point  A",  the  great- 
est height  to  which  the  water  could  be  raised  with  a  given  velocity  V  at 
A,  can  be  computed  from  the  equation : 

y.  y..2 

h"  = (5-) 

2g  2g 

Friction  is  provided  for  by  introducing  a  single  "loss  of  head"  (de- 
pending on  the  square  of  the  velocity  nearly  and  also  on  the  size  of  the 
section  and  the  depth)   of  form. 

-. (6) 


2  2g 

Substituting 


V^ 


h"  =  - 
closed  pipe.' 


V"       m     C+C 


(7.) 


2g 


2g 


For  a  steady  flow  in  the  pipe  from  Ao  to  A",  Bernoullis'  law  gives 
rise  to  the  relation  : 

y.  y»=  y2 

=,  h"  -I ^  m' (8.) 

2g  2g  2g 

V"  is  the  slow  velocity  of  the  water  at  A",  and  M'  is  a  coefficient 
whose  value  may  vary  from  o.io  to  0.50  (judging  from  results  of  experi- 
ments with  pipes  and  Venturi  meters). 

Substituting : 
V"  =  F  v 

F"  the  value  of  that  particular  velocity  of  the  locomotive 
for  which  (with  given  h"  and  dimensions  of  pipe)  the  velocity  of  the 
water  through  the  tip  would  be  equal  to  that  of  the  locomotive  over  the 
track.  In  other  words,  no  water  would  be  thrown  sideways  by  the  ad- 
vancing tip,  and  there  would  be  less  splashing. 

V  = (9.) 


VR^^T] 


Example : 

h"— is'o"  ) 

F"  —  8  F      V  v  =  33'  —  o"  a  sec.  =  22  ni.  p.  h. 

m' — o.io     ) 
The    conclusions    from    the    above    malheuialioal    reasoning    arc    that 
22  M.  P.  H.  is  the  minimum  speed  for  taking  water,  and  at  25  M.  P.  H. 
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water  is  scooped  into  the  tender  satisfactorily,  although  more  water  is 
scooped  into  the  tender  at  higher  speeds,  40  to  50,  M.  P.  H.  working  about 
the  best.  These  conclusions  have  been  proven  by  practical  tests.  It  should 
further  be  observed  that  the  adjustment  of  the  scoop  is  very  important. 

The  future  development  of  the  design  of  track  pan  will  depend  to  a 
large  extent  upon  the  development  of  the  design  of  the  scoop,  which  affords 
more  principals  of  design  than  the  track  pan,  and  it  is  possible  that  the  size 
and  general  arrangement  will  be  entirely  changed  to  obtain  greater  effi- 
ciency. With  a  set  design  of  scoop  the  design  of  track  pan  can  be  devel- 
oped to  give  the  maxinuim  efficiency  of  the  combined  scoop  and  pan.  The 
development  of  the  design  of  scoop  is  being  given  consideration  by  several 
railroads. 

The  Pennsylvania  Railroad  made  several  tests  of  track  pans  and  scoops 
at  Atglen,  Pa.,  in  1906.  The  results  from  these  tests  are  based  on  the  actual 
conditions  found.  The  pans  are  on  a  two-degree  curve  with  the  outer  rail 
elevated  and  pans  more  or  less  out  of  surface,  due  to  difficulty  in  keeping 
this  portion  of  road,  which  is  a  fill,  in  proper  condition.  The  results  from 
these  tests  are  shown  as  follows : 

Table  4 — Standard  scoop  and  dipper  with  standard  19-in.  and  29-in.  pans, 
as  shown  in  Figs.  XIII  and  XIV. 


Fig,ore   Xli;. 


Fi^ora   XIV. 

Table  5 — Standard  scoop  and  dipper  with  a  standard  19-in,  pan. 
Table  6 — Standard  scoop  and  dipper  with  a  29-in.  pan  with  lips  as  shown 
in  Fig.  XV. 


Fi^ura    XV. 

Table  7 — Standard   scoop  and  type  "A"  dipper  as   shown  in   Fig.  XVII, 
with  a  29-in.  pan,  with  lips.' 
The  results  as  shown  in   Table  4   are   from  the  first  tests  made  at 
Atglen  and  are  more  or  less  preliminary.     Tables  5  and  6  allow  a  study 
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of  the  efficiency  of  the  standard  scoop  in  the  19-in.  and  29-in.  pans.  It  can 
be  readily  concluded  that  the  best  results  are  obtained  with  the  19-in.  pan. 
Table  7  shows  the  results  obtained  from  the  standard  scoop  and  a  special 


^'xl'  Ua-ZActoc- 


Fi^ura  XV\. 

form  of  dipper  with  the  29-in.  pan.    The  results  obtained  show  a  decrease 
in  the  efficiency  of  this  special  form  over  the  standard  form  of  dipper. 

The  Pennsylvania  Railroad  is  making  very  exhaustive  tests  of  water 
scoops  and  track  pans,  using  several  special  forms  of  dippers  and  shields 
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in  connection  with  their  standard  and  special  forms  of  scoop  with  their 
standard  19-in.  and  29-in.  pans,  as  shown  in  Figs.  XIII  and  XIV,  and  a 
special  form  of  pan,  as  shown  in  Fig.  XVI.  The  results  obtained  from 
these  tests  should  furnish  considerable  information  for  the  further  de- 
velopment of  the  track  pan  and  scoop. 

Fig.  XVIII  shows  plot  of  results  from  tests  on  track  pans  made  by 
the  Lake  Shore  &  Michigan  Southern  Railway.  This  report  on  track 
pans  is  submitted  as  a  progress  report,  and  the  Committee  asks  that  the 
subject  be  reassigned  for  the  next  year. 
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TABLE  4— TEST  OF  TRACK  TANKS.    ATGLEN,  PA.,  PHILADELPHIA  DIVISION 
JULY,  1906.    NO  DEFLECTOR  USED.    SUMMARY  TABLE. 


Speed 
M.  P.  H. 

Water  Out  of  Track  Pan 

Water  to  Tender 

Water  Wasted 

^3* 

J= 

-— 

ja 

o 

1 

1 

S 

„  o 

III 

c 

6 

a 

■g 
6 

a 

III 

6 

H 

<! 

uo 

^oO 

^ 

fk 

uo 

^^o 

& 

oo 

^•so 

(2 

9-INCH  TRACK  PANS 


1 

20 

23.8 

2431.9 

1.638 

100 

1960.8 

1.324 

80.6 

471.1 

0.314 

19.4 

2 

30 

31.1 

3195.9 

2.162 

100 

2525.7 

1  706 

79.0 

670.2 

0.456 

21.0 

3 

40 

39.5 

3918.6 

2.670 

100 

2741.3 

1.870 

70.0 

1177.3 

0.800 

30.0 

4 

50 

47.7 

4258.1 

2.902 

100 

2725.3 

1.855 

64.0 

1532.8 

1.047 

36.0 

6 

60 

63.8 

5135.7 

3.449 

100    . 

2854.8 

1.915 

55.5 

2280.9 

1.534 

44.0 

19-INCH  TRACK  PANS 


1 

20 

23.0 

3690.1 

2.498 

100 

2398.6 

1.623 

65.0 

1291.5 

0.875 

35.0 

2 

30 

32.4 

3897.3 

2.640 

100 

2860.6 

1.937 

73.4 

1036.7 

0.703 

26.6 

3 

40 

42.0 

3672.9 

2.491 

100 

3089.5 

2.095 

84.1 

583.4 

0.396 

15.9 

4 

50 

50.0 

3996.1 

2.738 

100 

3109.9 

2.087 

77.8 

886. 2 

0.651 

22.2 

5 

60 

59.6 

4521.1 

3.098 

100 

3374.8 

2.312 

74.6 

1146.7 

0.786 

25.4 

TABLE  5— TEST  OF  TRACK  TANKS.    ATGLEN,  PA.,  PHILADELPHIA  DIVISION, 
OCTOBER,  1906.    19-INCH  PAN. 

SUMMARY  TABLE. 

Standard  Scoop  and  Dipper  Scoop  Set  ^  Inch  from  Bottom  of  Pan. 


Speed 

Water  Out  of  Track 

Water  to  Tender 

Water  Wasted 

M. 

P.  H. 

Pan 

fc.S  o 

6 

1 

a 

o 
o 

I   5s 

s 

1     5l 

a 

i 

S    5i 

1 

a 

o 

> 

PerF 
of 
Leng 
Galk 

PerF 

cf 
Leng 
Galk 

Pi 

PerF 

of 

Leng 

Galk 

O 

1 

20 

22.6 

2655 

1.866 

100 

2372 

1.667 

89.41 

283 

0.1991 

11.59 

2.85 

2 

20 

23.2 

2709 

1.876 

100 

2597 

1.776 

94.62 

112 

0.0998 

5,38 

2.92 

3 

20 

21.3 

2999 

2.050 

100 

2717 

1.842 

89.85 

282 

0.2080 

10.15 

3.00 

4 

30 

.32.6 

2968 

2.915 

100 

2792 

2.791 

95,75 

176 

0.1242 

4.25 

2.99 

5 

30 

31.6 

3241 

2.252 

100 

3065 

2.081 

92.53 

176 

0.1707 

7.47 

3.03 

6 

30 

31.2 

2782 

1,958 

100 

2673 

1.879 

95.85 

109 

0.0786 

4.15 

2.88 

7 

40 

42.6 

2761 

1.925 

100 

2554 

1.781 

92.55 

207 

0.1444 

7.45 

2.76 

8 

40 

39.7 

2880 

2  046 

100 

2854 

2.021 

98.90 

32 

0.0247 

1.10 

2.85 

9 

40 

39.9 

3084 

2.145 

100 

2924 

3.036 

94.75 

160 

0.1093 

5.25 

2.67 

10 

50 

50.1 

2521 

1.853 

100 

2403 

1.769 

95.50 

118 

0.0839 

4.50 

2.65 

11 

50 

49.2 

2498 

1.849 

100 

2137 

1.582 

85.50 

361 

0.2672 

14.50 

2.87 

12 

50 

49.5 

2671 

1.916 

100 

2344 

1.684 

87.82 

327 

0.2321 

12.18 

2.80 

13 

60 

60.7 

1512 

1.124 

100 

763 

0.567 

50.45 

749 

0.5571 

49.55 

1.03 

14 

60 

63.6 

1384 

0.985 

100 

658 

0.468 

47,55 

726 

0.5173 

52.45 

0.85 

15 

60 

63.7 

1527 

1.069 

100 

965 

0.677 

63.35 

562 

0.3921 

36.65 

0.68 
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TABLE   6-TEST   OF  TRACK   PANS.    ATGLEN,  PA.,    PHILADELPHIA  DIVISION, 
NOVEMBER.  1906.    29-INCH  PAN  WITH  LIPS. 

Standard  Scoop  and  Dipper  Scoop  Set  Va  Inch  from  Bottom  of  Pan. 


a 

Speed 

M.  P. 

H. 

Scoop  in  Water 

Water 

in  Cubic  Feet. 

8     8 

Per  Foot  of 

"^"^ 

m 

■a 

a 

§^ 

Length 

III 

a  .5 

6 

1 

1 

S 
> 

611 

i 
> 
< 

g 

II 

P 

a 

f2 

O 

O 

B 

'3. 

1  1  in 

23  2 

23  6 

23.4 

1365 

39.78 

37 

452.5 

401.8 

50.7 

0.2944 

0.0371 

3.10 

•> 

''n 

23  0 

23  8 

23.4 

1352 

37.54 

100 

437.4 

417.0 

20.4 

0  3233 

0.0151 

5.10 

3 

'0 

23  8 

24  2 

24.0 

1353 

38.59 

40 

425.1 

397.5 

27.6 

0.2938 

0  0240 

2.96 

4 

sn 

34.8 

34.0 

34.4 

1290 

25.83 

38 

464.5 

408.0 

56.5 

0.3163 

0.0437 

3.22 

5 

sn 

33  0 

33  4 

33.2 

1332 

27.46 

35 

464  5 

428.0 

36.5 

0.3289 

0  0274 

3.26 

6 

?o 

32  6 

31  8 

32.2 

1431 

29.96 

27 

492.1 

460.3 

31.8 

0  3217 

0  0222 

3.20 

7 

40 

39  0 

39.0 

39.0 

1397 

24.66 

28 

452.5 

405.  Q 

47.5 

0  2899 

0.0340 

3.10 

H 

40 

39  0 

38.2 

38.6 

1396 

24.55 

32 

476.6 

420.3 

56.3 

0.3012 

0  0403 

3.28 

9 

40 

38.2 

38.2 

38.2 

1147 

20.38 

38 

401.5 

331.8 

69.7 

0  2021 

0.0554 

3.28 

10 

■iO 

49  5 

49  0 

49.3 

1297 

17.76 

37 

410.0 

325.3 

84.7 

0.2508 

0.0054 

2  85 

11 

■in 

49  2 

48.2 

48.7 

1256 

17.57 

35 

382.8 

322.0 

60.5 

0.2564 

0.0482 

3.03 

1^ 

50 

49  8 

48.6 

49.2 

1257 

17.42 

43 

422.3 

300.8 

121.7 

0.2385 

0.0967 

2.89 

n 

60 

61  8 

62.0 

61.9 

1388 

15.28 

40 

226.0 

117.3 

108.7 

0.0845 

0.0784 

0.82 

14 

60 

61  2 

61  6 

61.4 

960 

10.57 

41 

186.8 

89.5 

97.3 

0.0934 

0.1014 

1.15 

15 

60 

61.3 

60.3 

60.8 

1430 

15.94 

57 

392.1 

264.8 

127.3 

0.1853 

0.0891 

2.25 

TABLE  7-TEST  OF  TRACK  TANKS.     ATGLEN,  PA.,  PHILADELPHIA  DIVISION, 
NOVEMBER.  1906.    29-INCH  PAN  WITH  LIPS. 

Standard  Scoop  and  Type  "A"  Dipper  Scoop  Set  Vs  Inch  from  Bottom  of  Pan. 
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410 

1082 


0.893 
0.279 
0.567 
0.328 
0.714 


37.76 
10.06 
20.33 
12.25 
56.85 


o  o  g 
.OS'S 

t>    H    fc- 

Mad 

tg.2 


2.56 
3.38 
3.12 
3.23 
0.78 


Appendix  B. 

DESCRIPTION  OF  "ONE  PIPE  CIRCULATION  METHOD"  TRACK 

PANS  AS  INSTALLED  BY  THE  LAKE  SHORE  &  MICHIGAN 

SOUTHERN  RY.  CO.,  AT  PAINESVILLE,  OHIO. 

By  H.  H.  Ross,  Assistant  Engineer. 

The  question  of  installation  and  operation  of  track  pans  is  even  now 
in  the  development  stage,  and  each  pan  installed  brings  in  some  new  feature 
which  has  not  been  previously  covered,  either  by  our  road  or  others. 

The  development  of  track  pan  outlined  in  an  article  in  the  Railroad 
Gazette  of  March  13,  1908,  covers  the  various  stages  of  the  development 
up  to  the  date  of  that  article,  but  since  this  article  was  written  we  have 
changed  our  construction  in  various  minor  details,  the  principal  ones  bemg 
that  we  have  gone  back  to  the  narrow  pans,  or  those  of  19  in.  width  and 
have  changed  our  methods  of  heating  the  track  tanks  during  the  cold 
weather,  installing  at  the  present  time  what  we  call  one  pipe  circulation 
method.  In  a  general  way  at  our  track  pans  we  want  to  bring  out  these 
features : 

(i)  That  the  track  under  the  pans  shall  be  as  near  as  possible  the 
regular  construction  of  track  on  other  parts  of  the  road  so  that  the  sec- 
tion men  can  maintain  and  handle  the  ballasting  of  this  track  under  the 
track  pans  as  easily  as  they  can  other  parts  of  their  track  work,  hence 
it  is  desirable  to  eliminate  all  rigid  steam  or  water  connections. 

(2)  It  is  desired  to  have  the  water  connections  so  made  to  the  pans 
that  as  soon  as  a  train  has  scooped,  the  pans  will  be  filled  with  water  again 
in  the  shortest  possible  space  of  time  that  a  train  following  the  block  of 
the  one  ahead  will  be  able  to  obtain  a  supply  of  water.  This  we  accom- 
plish by  installing  water  connections  to  the  pans  and  control  the  valves  for 
these  connections  by  automatic  means,  so  that  if  the  water  level  in  th* 
pans  fall  the  valves  immediately  open  and  fresh  water  runs  in. 

(3)  Our  company  believes  it  is  just  as  important  to  have  freight 
trains  scoop  as  it  is  for  passenger  trains  and  that  with  double  heads  each 
engine  should  be  able  to  obtain  a  full  tank  of  water.  With  our  experience 
we  have  found  that  track  tanks  2,000  ft.  long  arc  ample  to  meet  the  above 
conditions,  and  our  standard  pan  at  the  present  time  is  being  built  2,000  ft. 
long. 

(4)  It  is  desired  to  have  the  simplest  arrangement  possible  for  keep- 
ing the  pans  from  freezing  in  the  winter,  and  yet  have  a  system  that  will 
keep  all  pipes  and  other  breakable  parts  as  far  away  from  the  track  as 
possible,  and  this  we  believe  we  accomplish  in  our  latest  scheme  of  Iieat- 
ing  the  water  by  what  we  call  the  single  pipe  circulation  system.  This 
all    is   diagrannnaticaily    represented    in    Fig,    XII,    "one    pipe   circulation 
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method."  The  diagram  represents  a  track  pan  2,000  ft.  long  connected  at 
seven  tunnels,  equally  spaced,  to  a  4  in.  circulation  pipe  thus  forming  loops ; 
outside  of  the  circulation  pipes  a  steam  line  is  laid  and  ejectors  installed 
as  indicated.  These  ejectors  cause  the  water  to  circulate,  as  shown  by 
arrows  in  the  diagram  and  sufficient  heat  is  added  to  the  water,  by  means 
of  these  ejectors  used  for  circulating  the  water,  to  prevent  it  from  freezing 
in  the  coldest  weather. 

In  this  same  figure  is  also  shown  di^grammatically  the  water  supply 
which  is  connected  to  the  track  pans  through  the  same  pipe  as  the  ejectors 
work  on.  This  water  supply  is  controlled  by  automatic  valves,  and  as  soon 
as  the  water  in  the  track  pans  is  lowered  by  a  train  scooping,  the  valves 
immediately  open  and  fresh  water  is  supplied,  which,  it  will  be  noticed, 
flows  in  the  same  direction  as  the  ejectors  force  the  water  in  circulating 
and  heating. 

The  installations  we  have  installed  this  year  are  of  this  type,  and  the 
principal  details  of  the  system  are  shown  on  Fig.  2,  which  represents  the 
general  arrangement  of  this  installation. 

Fig.  3,  represents  the  details  of  the  center  manhole  and  tunnel,  and 
shows  the  way  the  tunnels  are  installed,  methods  of  connecting  the  ejectors 
and  automatic  valves. 

Fig.  4  represents  the  manhole  between  the  ejectors,  and  shows  the  details 
of  tunnel  and  water  connections,  also  the  means  used  for  flushing  and 
washing  out  the  circulation  pipes.  This  plan  also  shows  details  of  ex- 
pansion joint  of  the  steam  main  and  is  run  into  this  manhole  for  two 
reasons : 

(i)  By  using  a  loop  in  the  steam  line  we  can  confine  all  of  the  ex- 
pansion to  one  spot,  and  second  by  running  this  loop  in  the  manhole 
more  or  less  heat  is  supplied  and  there  is  no  danger  of  the  valves  or  pipes 
freezing. 

Fig.  5,  is  a  plan  showing  the  powerhouse  used  for  supplying  the 
ejectors  with  steam  in  the  winter  time. 

Fig.  6,  is  a  plan  showing  the  way  the  steam  line  is  protected  and  sup- 
ported, which  supplies  the  ejectors. 

It  will  be  noticed  from  these  plans  that  there  are  no  rigid  connections 
and  track  can  be  raised  or  ballasted  without  interferring  with  any  pipe 
connections. 

In  the  past  we  have  had  a  large  amount  of  trouble  in  maintaining 
our  track  across  the  track  pans,  due  to  the  fact  that  the  waste  water  washed 
the  ballast  out  from  under  our  ties  and  caused  the  track  to  ride  badly. 
This  we  have  prevented  entirely  by  laying  8  in,  tile  drains  between  tracks 
throughout  the  length  of  the  pan  connecting  these  tile  drains  at  each  tun- 
nel and  disposing  of  the  water  through  sewers  connected  to  these  tunnels. 
In  addition  to  the  track  drains  we  protect  the  ballast  from  washing  out 
by  paving  between  tracks  and  outside  of  the  tracks  with  large  flat  flag- 
stones, which  answer  two  purposes. 

(i)  These  stones  are  very  heavy  and  the  water  does  not  have  suffi- 
cient force  to  dislodge  them. 
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(2)  By  paving  with  these  large  stones  the  water  has  a  quick  run-off 
and  the  largest  amount  of  it  gets  away  quickly,  so  that  it  does  not  have  a 
chance  to  soak  into  the  embankment. 

Our  ballast  cross-section  across  the  track  pans  is  somewhat  heavier 
than  we  use  at  other  points  of  the  road  and  we  try  as- much  as  possible 
to  meet  these  conditions : 

First,  cover  the  top  of  the  original  grade  with  granulated  slag  or  pave 
with  flagstone  to  prevent  the  clay  from  working  up.  Second,  we  put  on 
these  prepared  surfaces  about  18  in.  of  crushed  stone  ballast  below  the 
bottom  of  the  ties,  and  on-  top  of  this  we  again  pave  with  large  flagstones, 
as  outlined  in  the  paragraph  above. 


Jtef,en  yt-A 


Fig.  XXIV.— Boiler  House  for  Tr.\ck  Troughs— L.\ke  Shore  & 
MicHiG.\N    Southern    R.mlwav. 
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Fig.  XXIV. — Boiler  House  for  Track  Troughs— Lake  Shore  & 
Michigan  Southern  Railway. 


Circulation  System.  Standard  Track  Troughs— Lake  Sho 
&  Michigan  Southern  Railway. 
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Fig.  XXII— CijicuLATioN  SvsriiM.  Staniiaku  Tkaik  Tnoir.us— Lake  Shore  &  Michigan  Southskn  Raiuvay. 


Circulation  System,  Standard  Track  Troughs — Lake  Shore 
&  Michigan   Southern  Railway. 
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System.  Stanhabd  Thack  Trouciis— I.akb  Siioki!  &  Mirmi'.AN  Soutiiekn   Raiuva 


Circulation  System,  Standard  Track  Troughs — Lake  Sho 
&  Michigan  Southern  Railway, 
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Fig.  XXV.— Circulation   System,  St.\ndard  Track  Troughs— Lake  Shore  &  Michigan  Southern  Railway. 


Circulation  System,  Standard  Track  Troughs — Lake  Shore 
&  Michigan  Southern   Railway. 
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Fig   XXIV.-Steam  Pipes  for  Track  Troughs-Lake  Shore  & 
Michigan  Southern  Railway. 


Appendix  C. 

LARGE    CAPACITY    PUMPING    PLANT     FOR    REGION    WITH 
LIMITED  FLOW  IN   WATER   STRATUM; 

WAYNOKA^   OKLA.,  ATCHISON,   TOPEKA    &    SANTA   FE   RAILWAY   SYSTEM. 

(Bulletin    128.) 

By  C.  A.  Morse,  Chief  Engineer  System. 

Waynoka,  Okla.,  a  division  point  on  the  Pan  Handle  Division  of  the 
Atchison,  Topeka  &  Santa  Fe  Railway,  formerly  obtained  its  water  from  a 
small  creek  called  Dog  Creek.  The  natural  supply  from  this  creek  during 
the  dry  season  was  about  40  gallons  a  minute.  After  a  rain  this  supply 
would  increase  to  60  gallons,  sometimes  80,  and,  of  course,  during  the  rainy 
season  the  supply  was  abundant,  but  the  water  would  then  foam  badly;  but 
for  this,  the  water  was  a  good  boiler  water. 

Upon  making  a  division  point  at  Waynoka,  it  became  necessary  to 
obtain  a  larger  supply  of  water  which  should  be  as  good,  if  not  a  better, 
boiler  water.  The  surroundings  of  the  town  of  Waynoka  were  rather  pe- 
culiar from  a  water  prospector's  standpoint.  To  the  north  and  northwest 
it  was  enclosed  by  red  clay  hills;  to  the  northeast  and  the  east,  by  sand 
hills ;  and  to  the  south  and  southwest  lay  the  valley  of  the  Cimarron,  with 
its  underflow  of  very  hard  water.  By  drilling  it  was  discovered  that  the 
underflow  in  the  town  of  Waynoka  furnished  a  very  poor  boiler  water. 


Driving  through  the  sand  hill  country  to  the  east,  it  was  observed  that 
there  was  no  surface  drainage  carrying  any  of  the  water  away,  and  that 
but  one  creek  or  arroya  had  any  evidence  of  being  a  water  course ;  it 
therefore  occurred  to  the  Supervisor  of  Water  Service,  Mr.  William 
Archer,  that  the  rainfall  over  this  area  of  probably  80  square  miles  would 
be  found  upon  the  bedrock  slowly  percolating  through  the  sands  and  out- 
cropping in  the  breaks  of  the  Cimarron  River. 

378 


WATER   SERVICE. 


379 


Numerous  samples  of  water  procured  from  surrounding  wells  verified 
this  assumption,  and  steps  were  taken  to  secure  a  small  piece  of  land  in 
the  middle  of  the  before-mentioned  area  (see  Fig.  B). 


^- 


Fig.  B. 


A  tract  of  land  330  ft.  square  was  selected,  a  power  house  built  in  the 
center,  and  eight  wells  located  on  the  outside  boundaries  of  the  tract  (see 
Fig.  C).  Wells  were  drilled  8  in.  diameter,  50  ft.  deep  to  the  bed  rock  of 
red  clay  '(see  Fig.  CC),  equipped  with  working  barrels  and  pump  rods 
and  tubing,  operated  by  a  central  pumping  power  with  lines  of  shacklerods 
or  cables  to  each  well.  The  power  is  operated  by  a  gasoline  engine  and 
the  discharge  from  each  well  is  about  32  gallons  a  minute,  or  a  maximum 
total  of  256  gallons  a  minute. 

As  erected,  the  power  house  contained  two  40  IIP.  gasoline  engines, 
one  intended  as  a  relief.  These  gasoline  engines  make  240  revolutions  per 
minute,  belted  to  countershaft  ruiming  at  230  revolutions  per  minute. 

The  countershaft  in  turn  is  belted  to  the  central  power  lioad,  which 
with  its  eccentrics  operates  the  eight  wells,  the  head  being  run  about  20 
revolutions  per  minute,  making  that  number  of  strokes  upon  each  pump. 
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The  countershaft  is  also  belted  to  two  s-in.  rotary  pumps  set  up  in 
duplicate.  This  rotary  takes  the  water  from  a  cistern  (into  which  each 
well  discharges)  and  forces  it  to  two  steel  tanks,  one  24  ft.  by  60  ft.,  the 
other  24  ft.  by  42  ft.,  both  two  miles  away,  the  railroad  receiving  its  sup- 
ply from  these  tanks.    The  plant  is  very  satisfactory  as  a  whole  and  it  has 


'SW  Corner  ^  Ssc    S-T.  P^A/. /f  J-S  W. 
Woods    Co.   Ofrkf. 

Fig.  C. 


this  advantage — that  where  the  supply  from  each  well  is  limited  in  pro- 
duction, the  same  total  supply  of  water  can  be  increased  to  an  unlimited 
extent  by  increasing  the  number  of  wells  operated  by  the  one  power  plant. 
Some  specific  figures  as  to  the  size,  capacity  and  cost  of  operation  of 
this  plant  may  be  of  interest; 
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Diameter  of  working  barrel sH  in- 

Length  of  working  barrel 54      in. 

Length  of  stroke 24      in. 

Capacity  of  cistern 54,000  gal. 

Size  of  the  discharge  pipes  leading  from  each  well 

direct  to  cistern    (galvanized) 2j^  in. 

Rotary  pumps 5      in. 

With  suction  laid  into  the  cistern 6      in. 

Discharge  line  from  the  rotaries  for  the  first  one- 
half  mile 8      in. 

From  that  point  to  the  tanks  at  engine  house  and 

station 6       in. 

Diameter  of  cistern 30      ft. 

Depth   of  cistern 10      ft. 

When  the  steel  tank  at  engine  house  is  full,  the  top  of  the  water  is 
12  ft.  higher  than  the  surface  of  the  ground  at  the  pumping  station. 

The  rotary  pumps  exert  a  pressure  of  about  28  lbs.  per  sq.  in.,  but 
it  has  been  decided,  upon  increasing  the  capacity  of  the  plant,  to  put  in 
a  duplex  pump  so  that,  if  necessary,  a  pressure  of  140  lbs.  per  sq.  in.  can 
be  maintained. 

Changes  were  required  in  the  plant  since  the  original  installation, 
owing  to  a  large  increase  in  business  on  this  division,  resultant  from 
making  it  part  of  the  new  through  line  to  the  Pacific  Coast.  The  capacity 
of  the  plant  had  to  be  materially  increased,  additional  land  being  secured 
adjacent  to  the  original  tract  and  more  wells  sunk,  operated  by  exten- 
sion of  the  original  shacklerods  or  cables.  This  change  required  an 
additional  gasoline  power  unit. 

It  should  also  be  stated  that  the  rotary  pumps  have  not  been  found 
wholly  satisfactory  as  to  capacity,  increases  in  speed  beyond  a  certain 
point  not  resulting  in  a  proportionate  increase  in  flow,  so  that  a  duplex 
pump  is  being  substituted,  the  rotaries  being  held  as  relief. 

In  conclusion  it  may  be  stated  that  a  plant  such  as  the  one  de- 
scribed is  admirably  adapted  for  a  water  district  where  the  underflow 
is  comparatively  close  to  surface,  and  is  not  sufficient  to  provide  an 
adequate  supply  from  a  single  pulnping  well.  The  power  consumption 
is  somewhat  larger,  but  the  distance  of  the  plant  from  the  railroad  line, 
on  account  of  the  greater  selection  offered  for  the  location  of  the  plant, 
is  likely  to  be  materially  less  than  it  would  be  if  a  single  well  were  used. 

Another  advantage  is  that  excellent  boiler  water  may  be  secured  by 
tapping  the  underflow  in'  this  way  rather  than  by  using  surface  or  local 
river  water,  although  the  latter  may  be  much  the  more  abundant. 

And  lastly,  there  is  the  great  advantage  that  the  capacity  of  the 
plant  may  be  doubled,  or  even  trebled,  with  but  very  little  increase  in 
the  investment,  if  sufficient  land  has  been  secured  in  the  first  place. 

It  is  believed  that  this  type  of  pumping  plant,  well  known  in  the  oil 
fields,  has  here  been  used  for  the  first  time  for  a  regular  railroad  supply 
and  this  description  is  therefore  offered  for  the  information  of  the  Asso- 
ciation. 
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Fig.  G. 
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DISCUSSION. 

(The  report  on  Water  Service  was  presented  by  the  Chairman,  Mr.  C. 
L.  Ransom,  Resident  Engineer,  Chicago  &  Northwestern  Railway.) 

Mr.  C.  L.  Ransom : — The  report  deals  principally  with  water  tanks,  and 
there  is  an  interesting  appendix  submitted  on  track  pans.  The  Sub-Com- 
mittee on  track  pans  has  done  a  great  deal  of  hard  work  on  this  subject, 
but  inasmuch  as  this  was  the  first  year  they  had  been  able  to  gather  any 
information,  the  report  is  simply  submitted  as  an. information  report.  I 
think  the  members  will  find  it  very  interesting. 

The  conclusions  of  the  Committee  will  be  found  on  page  92.  The 
first  is  : 

"That  the  plans  and  specifications  for  the  reinforced  concrete  tank  be 
received  as  information,  and  the  work  continued." 

This  is  a  new  feature  in  designing,  and  we  did  not  feel  at  this  time 
it  was  good  policy  to  attempt  anything  more  than  a  progress  report  on 
this  subject,  but  the  Committee  would  like  the  members  to  present  a  written 
discussion  on  this  point,  as  we  feel  it  is  rather  too  large  a  subject  to  dis- 
cuss in  the  meeting,  and  we  would  prefer  to  have  written  discussion  from 
any  member  who  has  had  any  experience  in  that  class  of  work. 

The  President: — If  there  is  no  objection,  conclusion  i  will  be  accepted. 

Mr.  Ransom : — The  next  is  conclusion  2,  "That  the  specifications  for 
wooden  water  tank  be  approved  as  submitted,  and  published  in  the  Man- 
ual." In  explanation  of  these  designs,  I  wish  to  say  that  at  the  beginning 
of  this  year's  work  the  Committee  decided  that  they  would  only  attempt 
to  analyze  two  different  styles  of  tanks,  one  a  complete  wood  substructure 
and  wood  tub,  and  the  other  complete  steel  standpipe  tubs.  We  felt  that 
that  was  all  that  we  would  undertake  for  this  year,  leaving  any  other  types 
the  Board  might  desire  to  analyze  for  later  consideration. 

The  Secretary: — "Conclusion  (3)  That  the  specifications  for  ordinary 
iron  or  steel  water  tanks  be  approved  as  submitted  and  published  in  the 
Manual. 

"Conclusion  (4)  That  the  specifications  for  iron  or  steel  water  tanks 
be  approved  as  submitted  and  published  in  the  Manual. 

"Conclusion  (5)  That  the  design  submitted  for  wooden  water  tank  be 
approved  as  good  practice  and  published  in  the  Manual. 

'"Conclusion  (6)  That  the  design  submitted  for  metal  standpipe  type 
of  water  tank  be  approved  as  good  practice  and  published  in  the  Manual." 

The  President : — We  will  take  up  ihe  specifications  in  detail  on  page 
78  for  wooden  water  tanks.  The  Secretary  will  read  the  specifications, 
paragraph  by  paragraph.     If  there  is  no  discussidii,  we  will   proceed. 

The  Secretary: — "i.     Kind.     The  tank  shall  be  a  wooden  tub  carried 
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on  timber  posts  supported  on  concrete  piers,  as  shown  on  the  drawing. 
These  specifications  provide  for  an  all-wood  structure  above  the  foundation, 
as  shown." 

The  President: — If  there  is  no  discussion,  we  will  proceed. 

The  Secretary : — "2.  Capacity.  A  diameter  of  24  ft.  and  a  height  of 
16  ft.  (outside  m.easurement)  are  recommended  for  the  tub  of  this  tank. 
Other  dimensions  may  be  used,  but  the  design  shall  conform  to  the  re- 
quirements of  these  specifications. 

"3.  Location.  The  tank  is  designed  to  deliver  water  to  locomotives 
through  water  columns.  The  bottom  of  the  tub  shall  not  be  less  than  20 
It.  above  the  tracks  served. 

"If  water  columns  are  not  used,  the  location  of  the  tank  and  the  neces- 
iury  tank  fixtures  shall  be  as  selected  by  the  company. 

"4.  Loading.  Water  shall  be  assumed  to  weigh  63  lbs.  per  cu.  ft. 
Wind  pressure  in  pounds  acting  in  any  direction  on  the  tub  shall  be  assumed 
to  be  thirty  times  the  product  of  the  height  by  two-thirds  of  the  diameter 
of  the  tub.  The  wind  pressure  on  the  substructure  shall  be  assumed  at 
30  lbs.  per  sq.  ft.  of  its  surface  acted  on. 

"5.  Anchorage.  Necessary  anchorage  shall  be  provided  to  the  foun- 
dation on  the  basis  of  an  empty  tub,  as  the  engineer  shall  design  and  re- 
quire." 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — I  would  suggest  that 
it  would  be  better,  if  we  would  transpose  the  phrase,  making  it  read  :  "Nec- 
essary anchorage  to  the  foundation  shall  be  provided." 

The  President : — That  is  simply  a  change  in  the  arrangement  of  the 
paragraph.    If  there  is  ro  objection,  that  will  be  done. 

The  Secretary : — "6.  Foundation.  In  earth,  the  excavation  for  the 
piers  and  frost  pit  shall  be  deep  enough  to  permit  the  pipes  to  be  laid  below 
the  frost  line,  with  a  minimum  depth  of  4  ft.  In  rock,  only  the  excavations 
for  the  frost  pit  and  the  pipe  trenches  shall  be  carried  below  the  action  of 
frost. 

"On  earth,  the  total  load  including  wind  stress  shall  not  exceed  the 
safe  load  for  that  earth.  If  the  earth  will  not  carry  this  load  without  ma- 
terial settlement,  piling  shall  be  put  in  as  the  engineer  shall  direct.  Such 
piling  shall  conform  to  the  specifications  of  this  Association  for  piling,  as 
selected  by  the  engineer.  Earth  foundations  shall  be  thoroughly  tamped  to 
detect  and  compact  any  soft  places  therein." 

Mr.  F.  P.  Patenall  (Baltimore  &  Ohio)  :— I  would  like  to  ask  if  that 
is  not  a  little  error  in  the  wording,  "this  Association,"  seeing  that  these 
are  general  specifications?  Should  it  not  be  the  "Maintenance  of  Way 
Association,"  or  leave  a  blank? 

Mr.  Ransom  : — In  answer  to  that,  I  would  say  that  the  last  paragraph 
covers  that  clause — "this  Association" — meaning  the  "Maintenance  of  Way 
Association." 

The  Secretary  :^'7.  Piers  and  frost  pit.  The  piers  and  frost  pit 
shall  be  of  concrete  of  a  1-3-5  mi^'.  made  and  laid  according  to  the  specifi- 
cations of  this  Association  for  Portland  Cement  Concrete  and  to  the  forms 
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and  dimensions,  as  shown,  including  the  proper  setting  of  all  anchor  bolts. 
Mr.  J.  P.  Snow  (Boston  &  Maine)  :— I  object  to  having  concrete  so 
definitely  specified.  This  is  to  go  into  the  Manual,  I  understand,  and  if  it 
is  found  that  a  tank  was  not  built  according  to  this  requirement,  and 
there  was  some  accident,  it  seems  to  me  it  might  -get  us  into  trouble. 
The  foundations  may  be  stone  masonry,  and  be  made  all  right.  The 
report  says,  "the  piers  and  frost  pit  shall  be  of  concrete."  I  think  that 
is  a  bad  word  to  put  in  the  Manual  in  that  connection;  it  should  be 
"masonry." 

The  President:— The  Committee  will  accept  Mr.  Snow's  suggestion, 
and  will  change  that  to  "masonry." 

The  Secretary :— "8.  Substructure.  The  substructure  shall  be  con- 
structed, as  shown.  The  timber  shall  be  pine,  oak,  cypress  or  redwood, 
S  4  S  for  painting,  and  conforming  to  the  specifications  of  this  Associa- 
tion for  No.  I  R.  R.  bridge  timber.  It  shall  be  accurately  framed  and 
erected,  properly  tightening  all  bolts  and  tie  rods." 

"9.  Rods  and  bolts.  All  rods  and  bolts  shall  be  iron  or  steel  of  the 
quality  hereinafter  specified  for  tank  hoops.  O.  G.  washers  shall  be  used 
under  heads  and  nuts  of  bolts  and  tie  rods." 

"10.  Tub:  quality  of  lumber.  The  tub  shall  be  made  of  pine,  cypress 
or  redwood,  sound,  seasoned,  out  of  wind,  free  from  shakes,  sap,  pitch 
pockets  or  streaks,  unsound  knots,  loose  knots,  knots  in  clusters,  and  large 
knots  extending  through  the  material.  Small,  loose  or  unsound  knots 
may  be  bored  out  if  the  holes  are  thoroughly  plugged.  Material  having 
knots  in  its  edges  will  not  be  accepted." 

Mr.  F.  S.  Stevens  (Philadelphia  &  Reading)  :— I  think  that  the 
comma,  after  "small,"  should  be  eliminated,  so  that  it  would  read,  "small 
loose  or  unsound  knots." 

Mr.  J.  L.  Campbell:— It  is  the  intention  of  these  specifications  to 
distinguish  between  small  knots  and  loose  knots. 

Mr.  H.  A.  Lloyd  (Eric):— The  specification  for  the  kind  of  wood 
is  a  little  too  general.  The  family  of  pine  is  very  large,  and  in  using 
Norway  pine,  you  might  get  bad  results.  It  simply  states  "pine."  If  it  is 
to  be  as  general  as  that,  it  seems  to  me  the  species  should  be  stricken  out, 
and  just  say,  "made  of  wood." 

Mr.  J.  L.  Campbell :— In  the  word  "pine"  the  Committee  intended  to 
include  any  wood  that  would  properly  come  under  that  general  class  of 
timber,  and  that  would  include  yellow  pine,  white  pine,  Douglas  fir,  and 
possibly  other  classes  of  pine  that  would  be  found  entirely  suitable  for 
the  work. 

Mr.  Lloyd  : — That  would  seem  to  include  Norway  pine  to  the  unin- 
itiated. 

Mr.  G.  D.  Brooke  (Baltimore  &  Ohio)  :— I  agree  with  Mr.  Stevens 
in  regard  to  the  punctuation  in  the  ne.xt  to  the  last  sentence.  I  hardly 
think  it  is  the  intention  of  the  Conunittec  that  a  large  loose  knot  shall  bo 
bored  out,  and  the  hole  plugged.  As  the  sentence  now  reads,  it  would 
ccinvey  that  impression. 
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Mr.  Ransom : — A  large  loose  knot  v/onld  be  considered  unsound,  I 
think. 

Mr.  W.  H.  Courtenay  (Louisville  &  Nashville)  : — It  seems  to  me  it 
would  be  better  to  omit  the  comma.  I  am  of  the  opinion  it  would  be  a 
bad  plan  to  bore  out  a  large  loose  knot,  and  plug  it. 

The  President : — The  Committee  will  accept  that. 

Mr.  C.  H.  Stein  (Central  of  New  Jersey)  : — In  reference  to  the  first 
line  of  the  specification,  I  agree  with  the  gentleman  who  spoke  a  while 
ago,  who  stated  that  there  should  be  something  more  specific  in  regard 
to  the  kind  of  pine.  The  pine  family  is  a  very  large  one.  If  we  place  a 
specification  like  that  proposed  in  the  hands  of  the  contractor,  he  might 
make  a  tank  out  of  some  species  of  pine  that  would  be  very  objectionable. 
I  would  also  ask,  by  way  of  information,  whether  any  kind  of  cypress 
would  be  suitable  for  a  water  tank? 

Mr.  Ransom: — Quite  a  number  of  Southern  firms  are  making  tanks 
out  of  cypress,  and  many  Southern  roads  are  using  them. 

Mr.  Stein: — Any  kind  of  cypress? 

Mr.  Ransom : — The  Committee  would  be  glad  to  have  suggestions  as 
to  changing  this  reading  so  that  it  could  be  made  plainer.  The  timber 
family  is  so  various,  that  it  is  pretty  difficult  to  make  a  specification  that 
is  going  to  cover  all  of  the  different  timbers  that  are  grown  in  the  United 
States,  and  the  Committee  would  be  glad  to  have  suggestions  on  this  sub- 
ject. 

Mr.  A.  K.  Shurtleff  (Chicago,  Rock  Island  &  Pacific)  :— I  hardly 
believe  any  company  would  let  a  contract  as  broad  as  this,  and  leave  it 
to  the  contractor  as  to  what  wood  was  to  be  selected.  My  suggestion  is 
that  this  be  left  blank,  to  be  filled  in  by  the  company,  selecting  the  wood 
they  desire  the  tank  to  be  made  of.    The  specification  should  be  specific. 

Mr.  J.  L.  Campbell : — This  Committee  last  year  brought  in  a  specifica- 
tion for  tanks  full  of  blanks,  and  the  Association  objected.  The  Association 
wanted  the  blanks  filled  in,  and  in  doing  that,  we  recognized  that  wc 
would  get  into  trouble.  The  point  you  make  here  is  one  that  we  will 
come  to  in  a  little  while,  and  the  trouble  will  be  on  the  other  side  of  the 
fence.  I  think  the  criticism  that  may  possibly  arise  in  connection  with 
these  specifications  is  that  we  have  been  too  specific.  The  idea  in  the 
preparation  of  the  specification  was  to  cover  the  quality  of  the  wood — 
to  make  it  as  general  as  the  Committee  thought  permissible,  and  then 
specify  the  quality.  Still,  it  is  true  that  it  says  "pine,"  and  that  would 
admit  any  kind  of  pine.  The  specification  says  it  should  be  sound  and 
seasoned.  I  believe  it  is  the  opinion  of  the  Committee  that  any  sound, 
and  seasoned  wood  would  be  durable,  provided  it  was  kept  saturated. 

Mr.  A.  F.  Robinson  (Santa  Fe)  : — I  would  like  to  suggest  that  you 
make  that  first  line  read,  "the  tub  shall  be  made  of  suitable  pine"  or, 
"the  tub  shall  be  made  of  acceptable  pine." 

The   President : — ^The   Committee  will  accept  that. 

Mr.  C.  F.  Loweth  (Chicago,  Milwaukee  &  St.  Paul)  :— I  should  like 
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to  see  the  specifications  changed  so  as  to  include  cedar  for  staves  and  fir 
for  bottoms. 

The  President :— The  Committee  will  accept  that. 
Mr.  Hunter  McDonald  (Nashyille,  Chattanooga  &  St.  Louis)  :— I 
think  the  way  in  which  the  matter  has  been  disposed  of-is  entirely  satis- 
factory and  the  best  thing  that  can  be  done.  If  you  undertake  to  specify 
any  particular  kind  of  pine,  I  would  suggest  long  leaf  yellow  pine,  to 
have  not  less  than  eight  rings  to  the  inch,  and  I  would  include  white  pine 
and  red  and  yellow  cypress,  but  these  matters  should  be  left  to  the  parties 
who  are  able  to  command  that  kind  of  material. 

Mr.  Ransom:— I  think  the  paragraph  as  amended,  "acceptable  pine," 
will  cover  the  situation. 

The  Secretary:— "i I.  Tub  bottom.  The  bottom  of  the  tub  shall  be 
made  of  3-in.  planks,  S  4  S,  and  accurately  cut  and  planed  to  uniform 
thickness  and  width.  The  ends  shall  be  cut  to  the  true  circle  of  and  shall 
fill  the  croze  in  the  staves.  Each  plank  shall  be  in  one  piece  without 
joint  or  splice.  The  planks  shall  be  joined  by  ^-in.  by  3-in.  wood  dowels 
on  30-in.  centers  along  each  joint.  The  bottom  shall  be  laid  directly  on 
the  floor  joists." 

Mr.  J.  L.  Campbell:— I  suggest  we  add  to  the  sentence  in  regard  to 
the  length  of  plank,  these  words,  "for  all  tanks  having  a  diameter  not 
greater  than  24  ft."  The  sentence  will  then  read,  "Each  plank  shall  be 
in  one  piece,  without  joint  or  splice,  for  all  tanks  having  a  diameter  not 
greater  than  24  ft."  There  might  be  difficulty  in  securing  planks  longer 
than  that. 

The  President:— The   Committee  will  accept  that  suggestion. 

The  Secretary:— "12.  Tub  staves.  The  staves  shall  be  of  uniform 
v/idth,  end  to  end,  and  shall  be  made  of  3-in.  planks,  S  4  S,  with  edges 
accurately  planed  on  radial  lines  from  center  of  tub.  Each  stave  shall  be 
in  one  piece,  without  joints  or  splice.  The  croze  in  each  stave  shall  be 
accurately  cut  to  uniform  dimensions  on  one  circle  for  all  staves.  The 
croze  shall  be  3  in.  in  the  clear  from  the  end  of  the  stave." 

The  President :— The  Chairman  suggests  that  the  word  "each"  be 
substituted  for  the  word  "the"  in  the  first  line. 

Mr.  Walter  Loring  Webb  (Consulting  Engineer)  :— I  notice  in  the 
specification  that  the  staves  shall  be  of  uniform  width  from  end  to  end, 
etc.  That  practically  limits  these  tubs  to  the  cylindrical  style  rather  than 
the  conical.     Is  it  the  intention  to  cut  out  the  use  of  conical  tubs? 

Mr.  Ransom :— Yes. 

Mr.  Walter  Loring  Webb :— I  would  like  to  ask  if  that  is  not  a  distinct 
departure  from  common  practice,  and  if  so,  has  the  Committee  decided 
that  that  departure  is  necessary? 

Mr.  Ransom:— It  is  a  dci)arturc  from  conunon  practice  of  twenty 
years  ago,  but  not  a  departure  from  modern  practice.  I  think  there  are 
very  few  railroads  at  the  present  time  that  arc  building  conical  tubs. 

Mr.  O.  E.  Sclby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  :— I 
sec  nothing  in   the  specification   to   limit   the   width   of  the   staves.     The 
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tendency  of  the  manufacturers  is  to  make  the  staves  as  wide  as  they 
consistently  can,  because  it  makes  the  job  cheaper,  and  I  suggest  that  a 
hmiting  width  of  lo  in.  be  inserted. 

Mr.  Ransom : — I  think  there  is  not  much  trouble  to  be  anticipated  on 
that  score — it  is  difficult  to  get  lumber  of  this  quality  that  is  wider  than 
8  in.  at  the  present  time.  The  quality  of  the  timber  would  govern  the 
extreme  and  minimum  width  of  the  stave.  That  could  be  left  to  the  rail- 
road  company   to   specify   in   the  contract. 

Mr.  Selby  : — I  think  there  is  likely  to  be  difficulty,  and,  in  fact,  we  have 
so  found  it.  We  have  found  where  the  width  is  not  limited,  the  manufac- 
turers will  put  in  staves  up  to  lo  and  ii  in.  wide,  and  they  do  not  give 
satisfactory  service.  It  is  not  hard  to  get  timber  of  the  quality  demanded 
in  fir  and  yellow  pine,  and  even  in  cypress,  up  to  widths  of  12  in.  or  more. 

Mr.  A.  F.  Robinson : — As  soon  as  you  get  away  from  a  timber  10  in. 
wide,  there  is  an  increased  cost  per  thousand  feet,  board  measure,  and  I 
do  not  think  we  need  to  worry  about  the  manufacturers  putting  in  many 
12  in.  planks,  when  they  can  use  10  in.  at  two  dollars  per  thousand  feet, 
board  measure,  less  cost. 

Mr.  C.  E.  Lindsay  (New  York  Central  &  Hudson  River)  : — I  am  not 
sure  but  the  point  raised  by  Prof.  Webb  is  a  very  vital  one.  While  it 
may  be  true  that  the  conical  tub  is  a  thing  of  the  past,  many  railroads 
are  still  using  them,  and  a  conical  tub  has  the  merit  of  taking  advantage 
of  the  force  of  gravity  in  keeping  the  hoops  from  falling  off  entirely  in 
the  event  of  shrinkage,  and  I,  for  one,  would  like  to  endorse  the  conical 
tub. 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  : — The  same 
question  was  up  before  the  Association  of  Railway  Superintendents  of 
Bridges  and  Buildings,  last  October,  and  the  sentiment  expressed  in  the 
discussion  there  seemed  to  conform  to  the  Committee's  report,  namely,  that 
cylindrical  tubs  are  now  preferable,  since  adjustable  hoops  have  come  into 
service.  In  former  years,  when  solid  hoops  were  used  and  had  to  be 
driven  on,  of  course  it  was  necessary  to  have  the  conical-shaped  tub. 

Mr.  Ransom : — I  will  say  for  the  benefit  of  the  Association  it  was 
either  one  or  two  years  ago  that  the  Committee  was  badly  censured  on 
the  floor  of  the  convention  for  permitting  the  conical  tub  to  be  mentioned 
in  the  specifications. 

The  Secretary : — "13.  Tub  hoops.  The  tub  hoops  shall  be  half  oval, 
half  round,  or  round.  They  shall  preferably  be  made  of  wrought-iron. 
They  may  be  made  of  steel. 

"Wrought-iron  shall  be  made  of  pure  puddled  iron  having  a  tensile 
strength  of  50,000  lbs.  and   containing  of 

Sulphur   not  more  than  .02     per  cent. 

Phosphorus    ''         "         "       .005         " 

Carbon  "        "        "       .02  " 

Manganese    "        "        "      .00  " 

Silicon   "        "        "       .00 
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"Steel  shall  conform  in  physical  and  chemical  properties  to  the  specifi- 
cations of  this  Association  for  steel  bridges. 

"Each  hoop  shall  be  in  three  equal  sections." 

Mr.  Brooke : — I  suggest  that  the  last  paragraph  of  that  section  reading, 
"Each  hoop  shall  be  in  three  equal  sections,"  be  cortibined  with  the  first 
section  of  the  first  paragraph,  which  would  then  read,  "The  tub  hoops  shall 
be  half  oval,  half  round,  or  round,  and  shall  be  in  three  equal  sections." 

Mr.  J.  L.  Campbell : — In  connection  with  that,  there  has  been  some 
question  raised  as  to  the  advisability  of  having  three  joints  in  the  hoop. 
That  is  well  taken  in  the  tank  24  ft.  in  diameter.  I  suggest  we  change  it 
to  read,  "Each  hoop  shall  be  in  not  more  than  three  sections,"  and  we  will 
accept  the  suggestion  and  change  the  specification. 

Mr.  W.  H.  Courtenay  (Louisville  &  Nashville)  : — If  this  Association  is 
to  go  on  record  as  abandoning  the  flat  hoop,  I  think  it  would  be  desirable 
that  it  should  go  the  whole  length,  and  go  to  the  round  hoop.  I  am  not 
able  to  see  the  advantage  of  a  half-oval  or  half-round  hoop  as  against  a 
round  hoop.  The  round  has  the  simpler  form  of  the  three — it  is  generally 
easier  to  get,  and  I  am  unable  to  see  any  advantage  which  the  half-round 
has  over  the  round.  I  think  to  some  extent  the  half-round  would  offer 
some  of  the  disadvantages  of  the  flat  hoop,  that  is,  it  would  rust  speedily 
on  the  flat  side  in  contact  with  the  tub.  That  has  been  the  overwhelming 
objection  to  the  flat  hoop.  I  have  known  of  many  cases  of  failures  of  the 
flat  hoop,  where  the  outside  of  the  hoop  appeared  to  be  sound.  If  we  are 
to  change  to  some  form  of  approximately  round,  it  seems  to  me  it  would 
be  better  to  adopt  the  round  and  leave  out  the  half-oval  and  half-round. 

Mr.  J.  L.  Campbell : — That  brings  up  again  the  difficulty  that  we  have 
in  preparing  specifications.  There  is  the  objection  to  making  one  specifi- 
cation for  round  hoop  that  shall  limit  the  recommendation  to  one  thing. 
The  Committee  believes  the  half-oval  or  half-round  hoop  is  a  good  hoop, 
a  decided  improvement  over  the  flat  hoop,  on  account  of  the  greater  con- 
centration of  the  metal,  and  smaller  surface  exposed  to  corrosion,  and  in 
the  preparation  of  the  specifications  the  Committee  endeavored  to  avoid 
mentioning  any  one  specific  article,  where  we  could  avoid  doing  so,  par- 
ticularly where  other  equally  good  forms  could  be  included. 

Mr.  Snow: — I  object  seriously  to  limiting  the  hoops  to  round  ones, 
on  account  of  the  trouble  arising  from  dust  and  dirt  collecting  above 
them,  in  which  moisture  is  retained  on  the  outside  of  the  stave.  It  might 
be  supposed  that  you  could  keep  this  space  filled  with  paint,  but  the  hoop 
will  drop  away  from  the  paint,  and  you  will  have  a  groove  there  and  it 
will  rot  the  stave. 

Mr.  Lindsay: — I  am  grateful  to  the  Committee  for  making  the  change 
in  the  specification,  which  does  not  permit  us  to  use  more  than  tlircc 
sections  in  the  Iioop.  I  was  afraid  that  after  a  while  we  might  get  a  chain 
around  the  tank  instead  of  a  hoop.  Is  there  anything  about  the  round 
lioop  or  oval  hoop  that  requires  three  adjusting  points?  We  have  been 
able  to  maintain  tanks  successfully  and  economically  with  one  adjust- 
ment, both  on  round  hoops  and  flat  hoops.     Why  tiirce? 
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The  President : — The  Committee  has  changed  that  to  read,  "Not  more 
than  three." 

Mr.  Lindsay: — I  understand  that.     I  am  asking  for  information. 
Mr.  Ransom  : — The  only  object  in  having  a  large  number  of  joints  is  that 
we  believe  the  tension  can  be  more  evenly  distributed  on  the  staves,  and 
get  a  tighter  and  better  tank. 

Mr.  George  W.  Kittredge  (New  York  Central  &  Hudson  River)  :— 
I  do  not  like  to  see  flat  hoops  ruled  out  altogether.  It  is  entirely  possible 
that  by  getting  a  proper  quality  of  metal,  either  pure  iron,  or  something 
that  approaches  it,  that  we  can  get  flat  hoops  that  will  give  good  service. 
These  specifications  should  be  broad  and  cover  all  good  practice.  I  thor- 
oughly agree  that  if  the  hoop  was  to  be  made  of  steel,  the  flat  hoops 
would  probably  be  better  ruled  out,  but  I  do  not  like  to  see  them  ruled 
out  under  all  conditions.  The  specifications  should  provide  in  some  way 
for   flat   hoops. 

Mr.  C.  E.  Smith  (Missouri  Pacific)  : — I  would  like  to  know  if  any 
members  of  the  A.ssociation  liave  had  experience  in  the  use  of  flat  hoops 
of  a  sufficient  thickness  to  indicate  what  would  happen  if  a  thick  hoop 
were  used.  It  seems  to  me  the  flat  hoops  have  been  condemned  on 
account  of  failures  that  have  occurred  in  hoops  %  i"-  and  A  in.  in 
thickness,  and  if  a  hoop  not  less  than  ^  in.  thick  were  used,  or  even 
thicker,  we  might  not  have  those  failures.  I  would  like  to  know  if  the 
members  have  had  any  experience  in  the  use  of  thick,  flat  hoops? 

I\Ir.  Courtenay:— I  will  state,  for  the  benefit  of  the  gentleman,  that 
we  have  used  square  hoops.  One  objection  to  a  square  hoop  is,  in  put- 
ting it  on,  it  is  hard  to  keep  it  from  turning,  so  that  one  of  the  corners 
cuts  into  the  wood.  I  have  seen  square  hoops  appHed,  and  there  was  a 
whole  gang  of  men  trying  to  keep  them  from  twisting,  to  prevent  a  corner 
of  the  square  from  coming  in  contact  with  and  cutting  into  the  staves. 
We  have  round  hoops  on  a  tank  that  has  been  in  since  1886.  Our  experi- 
ence has  been  that  staves  do  not  rot  any  more  quickly  where  in  contact 
with  round  hoops  than  at  other  places.  We  adopted,  some  years  ago, 
the  standard  of  flat  hoops  and  thought  perhaps  that  the  round  hoops 
would  cut  into  the  stave.  We  had  trouble  with  tanks  falling  down  on 
account  of  flat  hoops  rusting  on  the  side  next  to  the  tub,  when  the  side 
exposed  to  view  was  apparently  good,  and  giving  no  warning.  The  round 
hoop  is  better  because  of  the  splice  which  can  be  made  with  it.  It  is  a 
difficult  proposition  to  make  a  good  joint  with  a  wide,  thin,  flat  hoop. 
It  can  be  riveted  to  lugs,  or  put  on  same  with  friction  joints.  I  have  had 
tests  made  with  several  forms  of  friction  joints  in  different  ways,  and 
none  of  them  that  were  tested  developed  the  strength  of  the  hoop.  It  is  an 
easy  matter  to  make  a  good  connection  with  a  round  hoop,  of  one  section 
with  another  of  the  hoop. 

Air.  Ransom:— The  Committee  would  like  to  quote  from  correspond- 
ence which  we  have  had  from  the  Inspection  Department  of  the  Associated 
Factory  Mutual  Fire  Insurance  Companies,  who  have  made  a  specification 
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for  wooden  tanks   for  use  on  tops  of  buildings  in   connection  with   fire 
protection.     I  would  like  to  quote  this  paragraph : 

"The  strength  of  a  tank  depends  chiefly  on  its  hoops.  Experience 
shows  that  flat  hoops,  especially  those  of  steel,  rust  from  the  back  side, 
where  they  bear  against  the  staves,  and  serious  accidents  have  happened 
by  hoops  bursting  on  account  of  this  unobserved  corrosion.  Sometimes 
galvanizing  or  painting  is  depended  upon  to  prevent  rusting,  but  there 
is  always  the  possibility  that  spots  of  the  protective  coating  will  be 
knocked  off  in  handling,  and  one  spot  left  unprotected  may  result  in  the 
failure  of  the  hoop.  Round  hoops  are,  therefore,  advised  for  all  tanks, 
since  for  a  given  cross-section  of  metal,  these  hoops  have  the  advantage  of 
presenting  the  least  surface  to  corrosion.  Nearly  the  whole  surface  can, 
moreover,  be  examined  or  painted  while  the  hoops  are  in  place.  In  set- 
ting up  a  tank  with  round  hoops  there  is  little  probability  of  tightening 
the  hoops  to  such  an  extent  that  when  the  tank  swells  the  hoops  will 
burst ;  for  the  round  hoops  will  simply  indent  the  wood  more  as  the  tank 
swells,  and  the  strain  in  the  hoops  is  not  likely  to  be  increased  to  the 
breaking  point." 

I  will  say  that  this  Association  recommends  round  hoops  and  round 
hoops  only. 

Mr.  Kittredge : — If  the  Committee  does  not  see  fit  to  modify  the 
specifications  so  as  to  permit  the  use  of  flat  hoops,  I  would  make  a 
motion  that  this  article  be  so  modified  that  it  will  permit  of  flat  hoops. 

Mr.  Selby: — Answering  Mr.  Smith's  inquiry  a  few  moments  ago  in 
regard  to  the  use  of  thick,  flat  hoops,  I  will  say  our  road  has  had  experi- 
ence with  thick,  flat  hoops,  about  twice  the  thickness  of  the  average 
manufacturer's  standard,  running  from  a  quarter  in.  to  three-eighths  in., 
and  in  width  from  4  in.  up  to  6  in.  Of  course,  these  hoops  are  stronger, 
and  last  longer,  resist  corrosion  longer  than  the  thin  hoops  ordinarily 
used,  but  we  have  abandoned  them  for  round  hoops.  Mr.  Kittredge 
suggests  that  the  objection  to  flat  hoops  may  be  overcome  by  the  use  of 
some  rust-resisting  metal,  ingot  iron  or  some  material  of  that  kind,  but 
the  rapid  corrosion  is  only  one  of  the  objections  to  flat  hoops;  the  other 
is  the  difficulty  in  making  proper  connection  with  the  lug,  and  the  unsatis- 
factory performance  of  the  connections  after  they  are  installed.  There 
is  a  tendency  to  pull  the  hoop  away  from  the  tub  at  the  heel  of  the  lug. 
The  connection  to  the  lug  is  necessarily  eccentric,  and  the  pull  on  the  draw- 
bolts  tends  to  pull  the  hoop  away,  and  bend  it  immediately  at  the  heel  of 
the  lug.  This  makes  a  weak  point  in  the  hoop,  and  makes  a  point  where 
decay  can  start  in  the  staves  under  the  hoop. 

I  recall  that  cither  one  or  two  years  ago  this  Committee  brought  in 
a  report  specifying  flat  hoops  exclusively  and  it  was  turned  down. 

The   President: — Wrought-iron. 

Mr.  Selby : — Now  they  have  made  a  report  excluding  flat  hoops,  and 
specifying  round,  half-round  or  oval,  and  that  is  such  a  step  in  advance 
that  I  am  sorry  Mr.  Courtcnay  raised  the  question  of  excluding  the  half- 
round  and  oval  and  limiting  it  to  round  hoops.     We  ought  to  be  so  well 
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satisfied  to  get  away  from  flat  hoops  as  to  be  willing  to  accept  several 
other  forms. 

Mr.  Robert  Ferriday  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — 
Last  year  we  showed  the  flat  hoops  and  quite  a  number  of  the  members 
of  the  Association  got  up  and  said  they  were  all  using  the  round  hoops. 
Our  recommendations  last  year  had  been  based  upon  reports  received 
from  a  circular  which  showed  a  very  large  percentage  using  flat  hoops, 
and  that  is  the  reason  we  brought  it  in.  The  only  explanation  we  could 
find  of  the  change  in  opinion  was  that  the  answers  to  our  circular  had 
been  made  from  old  standard  plans,  without  the  personal  supervision  of 
the  members  of  the  Association  themselves ;  and  that  is  the  reason  we 
dropped  the  flat  hoop  this  year,  on  account  of  the  very  general  prefer- 
ence for  the  round  hoop. 

Mr.  Kittredge : — I  was  the  person,  I  believe,  referred  to  a  few  mo- 
ments ago  as  the  man  who  objected  to  flat  hoops  exclusively  a  year  or 
two  ago.  I  object  just  as  much  to-day  to  the  round  hoops  or  oval 
hoops  exclusively  as  I  did  to  flat  hoops  exclusively  at  that  time.  Per- 
sonally I  am  a  round-hoop  man,  but  I  do  not  want  to  see  specifications 
of  this  Association,  which  are  spread  broadcast,  not  only  over  this  coun- 
try, but  other  countries,  go  out  leaving  out  of  consideration  flat  hoops. 
The  design  and  structure  of  a  flat  hoop,  I  am  sure,  can  be  so  worked  out 
that  it  will  be  efficacious.  I  have  known  flat  hoops  to  last  the  life  of  a 
tank — thirty  years— and  I  am  quite  a  believer  in  what  has  been  done  can 
be  done  again.  If  the  flat  hoops  are  put  in,  that  clause  which  says  they 
may  be  made  of  steel  will  have  to  be  modified.  I  want  to  support  my 
motion  that  the  flat  hoops  be  included.  There  are  a  very  large  number 
of  flat  hoops  in  use  in  this  country,  and  we  do  not  want  it  to  be  under- 
stood that  there  are  no  good  flat  hoops. 

]\Ir.  F.  S.  Stevens : — In  relation  to  the  suggestion  of  Mr.  Kittredge, 
that  flat  hoops  might  be  protected  on  the  back  side  by  a  non-corrosive 
material  or  compound,  I  would  like  to  state  that  I  have  known  flat  hoops 
■l^  in.  thick,  protected  by  two  coats  of  red  lead,  and  placed  on  the  painted 
surface  of  the  tub,  to  be  corroded  through  and  burst  off  in  less  than  eight 
years. 

Mr.  Lindsay : — I  am  in  favor  of  the  motion,  and  heartily  support  it, 
and  I  would  like  to  ask  if  the  Committee  will  accept  an  addition  to  the 
specification,  as  follows :  "Flat  hoops  of  approved  design  and  material 
may  be   used." 

The  President : — The  Committee  is  unwilling  to  accept  that,  Mr. 
Lindsay. 

Mr.  Lindsay: — Will  Mr.  Kittredge  include  that  in  his  motion? 

Mr.  Kittredge : — Provided  that  edits  all  right,  I  will  accept  that 
amendment. 

Mr.  F.  H.  Falkinburg  (Baltimore  &  Ohio)  : — Before  putting  this  to 
a  vote  I  would  like  to  mention  a  small  factor  which  we  found  in  our 
experience  in  favor  of  the  round  hoop ;  that  is,  that  the  spaces  at  the 
bottom   of  the   tub,   between   the   hoops,    using   the    round    hoops,    being 
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greater  than  the  width  of  the  hoops,  it  is  possible  to  renew  the  hoops  on 
a  tank  already  in  use,  by  beginning  at  the  bottom,  which  it  is  impossible 
to  do  where  flat  hoops  are  used,  on  account  of  flat  hoops  being  wider  than 
the  spaces  between  them. 

Mr.  McDonald : — Mr.  Kittredge  has  stated  thai  we  ought  not  to 
send  these  specifications  broadcast,  limiting  the  use  to  any  particular 
thing.  I  think  the  province  and  object  of  our  Association  is  to  find  out 
what  is  the  best  thing,  and  notwithstanding  the  fact  that  I  recall  an 
instance  of  one  red  cedar  tub  that  has  stood  forty  years  with  flat  hoops, 
I  recall  a  great  many  other  instances  where  flat  hoops  have  failed  that 
have  been  on  only  seven  or  eight  years,  and  I  think  we  ought  to  go  on 
record  as  favoring  round  hoops ;  but  I  am  afraid  this  specification  giving 
the  chemical  analysis  is  probably  framed  in  such  a  way  that  the  product 
would  be  confined  to  one  or  two  manufacturers. 

The  President : — Mr.  Loweth,  we  would  like  to  hear  from  you  on  this 
subject. 

Mr.  Loweth : — Although  it  has  been  the  practice  of  the  St.  Paul  road 
for  some  time  in  the  past  to  use  round  hoops  exclusively,  I  do  not  think 
that  this  Association  ought  to  commit  itself  exclusively  to  round  hoops. 
The  Committee  has  evidently  taken  a  great  deal  of  pains  in  making  its 
report,  which  is  in  many  ways  an  admirable  one,  but  in  some  ways  I  think  it 
has  put  the  cart  before  the  horse.  I  think  it  would  have  been  much  better 
if  the  report  had  summed  up  the  advantages  and  disadvantages  of  the 
various  practices  in  the  design  and  construction  of  tanks,  so  that  this 
Association  might  have  had  all  the  information  pertaining  to  flat  hoops, 
round  hoops,  iron  hoops  and  steel  hoops,  and  the  other  details  that  enter 
into  tank  construction.  This  convention  could  have  profitably  discussed 
a  report  containing  such  information.  But  now  the  Committee  is  asking 
that  this  Association  adopt  the  specifications  it  submits,  and  because  they 
vary  largely  from  current  practice,  it  puts  a  great  many  on  the  floor  of 
this  convention  on  the  defensivje  and  tends  to  make  the  discussion  acri- 
monious. This  would  not  be  the  case  if  the  specifications  were  to  be 
accepted  as  information  and  not  adopted.  It  seems  to  me  that  this  body 
of  men  can  very  readily  make  their  own  specifications  for  such  structures 
as  tanks,  especially  if  furnished  with  information  as  to  the  relative  merits 
of  various  details  of  design.  I  believe  that  our  committees  should  confine 
themselves  more  to  the  gathering  of  information  and  compiling  it,  and 
not  in  formulating  hard  and  fast  specifications  as  to  best  practice.  Only 
infrequently  will  it  be  desirable  to  agree  on  specifications  and  uniformity 
of  practice  in  design  and  construction,  and  it  will  be  still  less  frequently 
desirable,  in  my  judgment,  for  this  Association  to  adopt  the  specifications 
and  conclusions  as  to  practice  contained  in  the  committees'  reports. 
These  remarks  apply  not  only  to  the  work  of  this  Conunitteo,  l>ut  as  i 
general  proposition  to  that  of  many  others.  ♦ 

(Mr.  Kittrcdge's  motion  was  lost.) 
Mr.  Snow: — I  wonder  if  the  Connnittee  will  agree  to  omit  the  chem- 
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ical  specifications  for  iron?     It  is  impossible  to  obtain  it  except,  as  Mr. 
McDonald  says,  from  one  or  two  concerns,  perhaps. 

The  report   specifies  "puddled  wrought-iron"  and  then   prescribes   a 

chemistry  that,  in  my  opinion,  cannot  be  met  by  the  puddling  process. 

There  are  three  kinds  of  wrought-iron,  viz.,  puddled,  fagot  and  ingot. 
Puddled  iron  contains  slag,  which  is  partly  eUminated  in  the  process  of 
rolling,  but  the  best  refined  iron  made  in  the  puddling  furnace  will  carry 
some  silicon. 

Fagot  iron  is  made  by  piling  and  reroUing.  It  generally  contains 
much  scrap  and  may  be  wholly  scrap.  That  made  at  present  is  almost  cer- 
tain to  contain  more  or  less  steel  scrap  and  will  rust  as  readily  as  any  iron. 

Ingot  iron  is  made  by  turning  into  molds  and  rolling  without  piling. 
The  chemistry  proposed  by  the  Committee  can  be  reached  by  this  process. 

All  three  of  these  irons  can  be  wrought  freely.  But  if  the  iron  of  thirty 
years  ago  is  wanted,  it  must  be  puddled  iron ;  and  the  chemistry  had  best 
be  omitted.  A  better  specification  would  be:  "puddled  iron,  double  rolled 
from  the  muck  bar."  This  means,  cutting  and  piling  the  muck  bars, 
reheating  and  rolling  them  and  cutting  and  piling  the  resulting  bars  and 
reheating  and  rolling  them  to  the  desired  shape. 

Mr.  Ransom: — The  Committee  is  not  willing  to  accept  that,  inasmuch 
as  iron  of  this  character  can  be  purchased  at  the  present  time. 

Mr.  Courtenay: — Will  the  Committee  please  state  the  manufacturers 
of  that  quaHty  of  iron?  As  a  matter  of  information,  I  would  like  the 
Committee  to  inform  the  Association  who  does  manufacture  this  quality  of 
iron. 

Mr.  Ransom : — The  American  Rolling  Mill  Company,  Middletown, 
Ohio. 

Mr.  Courtenay: — So-called  ingot  iron? 

Mr.  Ransom  : — Yes,  sir. 

Mr.  G.  H.  Tinker  (New  York,  Chicago  &  St.  Louis)  :— I  would  like  to 
say  that  there  are  a  number  of  mills  that  manufacture  that  quaHty  cf 
iron. 

Mr.  J.  L.  Campbell: — It  seems  that  it  is  entirely  practicable  to  pro- 
duce this  quality  of  iron,  and  if  the  Association  calls  for  that  quality,  we 
will  get  it.  I  fail  to  see  the  force  of  the  objection  to  including  this 
specification  for  iron  in  these  specifications,  provided  the  specification 
itself  is  all  right. 

Mr.  Brooke:— I  would  like  to  state  that  the  Baltimore  &  Ohio  Rail- 
road purchased  a  number  of  tanks  last  spring,  and  had  no  great  difficulty 
in  getting  wrought-iron  hoops. 

The  President: — If  there  is  no  further  discussion  or  motion  to  change 
clause  13,  we  will  proceed. 

The  Secretary :— "14.  Hoop  coating.  Each  hoop  shall  be  cleaned 
(preferably  at  the  factory)  of  dirt,  rust  and  scale,  and  in  that  condition 
shall  be  heated  to  300  degrees  Fahrenheit  and  be  dipped  in  pure  asphalt 
having  that  temperature,  which  shall  be  maintained  during  the  immersion, 
which  shall  continue  not  less  than  one  minute." 
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^  Mr.  Loweth :— Why  is  asphaltum  better  than  paint  for  tank  hoops  ? 
It  is  less  readily  obtained  and  much  harder  to  apply  in  the  manner  speci- 
fied, and  I  am  not  satisfied  that  it  will  preserve  the  hoops  any  longer. 

Mr.  J.  L.  Campbell:— I  think  that  probably  the  specification  might 
be  improved  in  that  particular.  I  believe  the  Committee  is  not  wedded 
to  asphaltum.  I  think  coal-tar  might  be  all  right,  and  there  are  paints 
which  might  be  good  substitutes  for  the  material  specified  here. 

Mr.  Maurice  Coburn  (Vandalia)  :— Speaking  about  pure  asphalt,  the 
nomenclature  of  asphalt  is  a  rather  indefinite  matter.  Commercial  pure 
asphalt,  as  I  understand  it,  is  an  asphalt  fluxed  with  a  considerable  por- 
tion of  oil.    The  term  as  used  is  liable  to  be  misleading  and  indefinite. 

M'r.  Ransom:— The  Committee  would  accept  the  suggestion  and  add 
a  sentence  to  the  paragraph  saying,  "or  such  other  coating  as  the  engineer 
shall  approve,"  leaving  it  open  to  coat  the  hoop  in  any  manner  the 
engineer  sees  fit.  The  only  object  was  to  be  sure  that  the  hoops  are 
coated  with  some  protective  coating  before  they  are  put  on  the  tank. 
The  President :— Does  that  meet  your  objection,  Mr.  Loweth? 
Mr.  Loweth:— To  add  the  clause  as  proposed  would  leave  it  to  be 
inferred  that  asphalt  coating  was  preferable  to  paint.  Iron  and  steel 
structures  are  painted,  and  seldom,  if  ever,  coated  with  hot  asphaltum, 
and  if  paint  is  good  for  these,  why  not  for  the  iron  hoops  on  a  tank? 
The  clause  ought  to  be  so  amended  as  to  pu.t  the  use  of  paint  at  least  on 
an   equal   basis  with   an    asphalt  coating. 

Mr.  J.  L.  Campbell:— It  has  been  my  experience  that  the  coating 
that  adheres  more  closely  to  the  iron  is  the  coating  that  is  placed  there 
when  both  the  material  and  the  iron  are  hot.  I  have  found  that  in 
heating  the  steel  and  immersing  it  in  a  bath  of  asphalt,  it  gives  a  coating 
that  adheres  tenaciously  to  the  material,  and  in  that  way  I  believe  it  is 
much  superior  to  applying  cold  paint  to  cold  iron. 

Mr.  W.  F.  Steffens  (Boston  &  Albany)  :— Mr.  Lowcth's  question 
raises  the  old  paint  discussion,  as  to  the  lasting  qualities  of  coatings.  In 
the  case  of  bridges  or  other  structures,  the  surfaces  are  accessible  for 
painting,  but  in  the  case  of  hoops,  as  Mr.  McDonald  recently  attested, 
one  tank  had  stood  forty  years  without  painting.  I  would  like  to  find 
any  linseed  oil  paint  that  will  stand  up  forty  years  behind  a  hoop,  where 
it  is  inaccessible,  even  if  protected  from  the  air.  The  moisture  condi- 
tions, due  to  the  hoop  being  in  contact  with  the  wood,  which  is  to  a 
large^  extent  porous,  must  eventually  break  down  the  linoxyn  formed  from 
the  linseed  oil,  which  is  an  unstable  and  vulnerable  compound.  On  the 
other  hand,  the  asphaltum  coatings  recommended  by  the  Committee  have 
been  known  to  stand,  under  such'  circumstances,  over  forty  years  where 
they  have  not  been  in  contact  with  sun.shine  and  open  air.  Personally,  I 
hope  the  recommendation  of  the  Committee  will  stand  as  to  the  asphaltum 
coating,  and  that  we  will  not  permit  the  linseed  oil  paints  to  be  intro- 
duced. 

Mr.  Coburn:— I  would  suggest,  instead  (^f  using  "purr  ,T-pliaU,"  w.- 
say  a  "good  as])halt  paint." 
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The  President : — The  Committee  suggest  that  would  be  indefinite. 

Mr.  Lindsay: — This  Association  will  be  placed  in  an  equivocal  posi- 
tion if  it  does  not  look  out.  The  Committee  on  Buildings  says  that  asphalt 
and  water  is  not  a  good  combination.  We  are  recommending  here  pure 
asphalt  in  connection  with  a  water  tank. 

Mr.  Coburn  : — An  asphalt  coating  would  be  good. 

Mr.  Steffens : — If  Mr.  Lindsay  will  inquire  of  the  parties  maintain- 
ing the  New  York  Subway,  he  will  find  that  linseed  oil  paints  have  abso- 
lutely failed  under  moisture  conditions,  whereas  the  asphaltum  com- 
pounds, of  which  there  are  several  on  the  market,  are  the  only  ones  that 
have  stood  the  punishment.  Confirmation  of  those  facts  can  be  obtained 
from  the  Interborough  Company  of  New  York. 

The  President: — Any  further  discussion?  If  not,  the  clause  as 
amended  by  the  insertion  of  the  words,  "or  such  other  coating  as  the 
engineer  shall  approve,"  will  be  accepted. 

Mr.  Loweth : — There  are  two  requirements  in  the  specifications :  One 
that  the  coating  shall  be  of  asphalt,  and  the  other  that  it  shall  be  applied 
bv  dipping  the  rod  into  a  hot  mixture.  The  specifications  should  be  so 
modified  as  not  to  require  the  rods  to  be  dipped  in  paint,  but  permit  of  its 
being  applied  with  a  brush,  as  is   customary. 

The  President :— The  Committee  will  accept  that  suggestion,  and  in- 
sert the  words,  "the  application  of  such  other  coating." 

Mr.  Steffens: — Please  state  how  that  will  read  now. 

The  President : — "Each  hoop  shall  be  cleaned,  preferably  at  the  fac- 
tory, of  dirt,  rust  and  scale,  and  in  that  condition  shall  be  heated  to  300 
degrees  Fahrenheit,  and  dipped  in  pure  asphalt,  or  the  application  of  such 
other  coating  as  the  engineer  shall  approve." 

Mr.  Steffens :— To  have  the  coating  applied  hot  or  to  hot  metal? 

The  President: — By  adding  the  words,  "or  the  application  of  such 
other  coating  as  the  engineer  shall  approve,"  to  the  end  of  the  clause,  will 
make  it  read  right.    The  clause  will  be  amended  in  that  form. 

The  Secretary: — "15.  Hoop  joints.  Hoops  shall  have  round  threaded 
ends  passing  through  lugs.  The  joint  used  shall  be  as  designed  or 
selected  by  the  engineer.    It  shall  be  as  strong  as  the  hoop." 

Mr.  C.  E.  Smith : — In  clause  13  we  say,  "may  be  made  of  steel."  We 
also  say,  "the  tub  hoops  shall  be  half-oval,  or  half-round,"  and  in  clause 
15  we  say,  "they  shall  have  round  threaded  ends."  How  does  the  Com- 
mittee propose  to  make  the  transition  from  the  half-oval  or  half-round 
to  round  ends?  If  by  welding,  and  the  hoop  is  of  steel,  I  think  it  will 
conflict  with  our  steel  bridge  specifications,  which  say  steel  welding  will 
not  be  permitted. 

Mr.  Ransom: — It  seems  that  clause  15  should  be  changed  to  read, 
"round  hoops  shall  have  round  threaded  ends,  passing  through  lugs. 
The  joints  used  for  round  hoops  and  all  others  shall  be  as  designed  or 
selected  by  the  engineer." 

The  President: — If  there  is  no  further  discussion,  we  will  proceed. 
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The  Secretary: — "i6.     Hoop  spacing.    Hoops  shall  be  of  one  size,  with 
the  spacing  varied,  limiting  the  maximum  space  to  24  in.  c.  to  c.  of  hoops." 
The  President: — If  there  is  no  objection  to  that  clause,  we  will  pro- 
ceed. _ 

The  Secretary: — "17.  Hoop  stresses.  Hoops  shall  be  so  spaced  that, 
for  wrought-iron,  the  stress  per  sq.  in.  on  net  section  shall  not  exceed 
10,000  lbs.,  and  for  steel  12,000  lbs.  Threaded  hoops  shall  preferably  have 
upset  ends,  but  a  larger  hoop  giving  the  required  area  under  thread  with- 
out upsetting  may  be  used." 

Mr.  Loweth:  Why  is  it  preferable  to  require  upset  ends  in  clause  17? 
Mr.  J.  L.  Campbell : — It  appeared  to  the  Committee  that  an  unneces- 
sary amount  of  metal  would  be  used  if  the  rods  were  not  upset.  The 
strength  of  the  rod  would  be  limited  to  the  strength  of  the  metal  under 
the  thread,  and  these  hoops  are  quite  long.  It  makes  a  very  material 
difference  in  the  weight  of  the  metal  you  put  on,  without  securing  any 
advantage,  as  the  Committee  sees  it. 

Mr.  Loweth: — That  is  quite  true,  but  the  upsetting  for  these  small 
rods  would  cost  more  than  the  extra  metal,  all  things  considered.  Inas- 
much as  it  is  a  matter  of  cost  which  each  man  can  suit  himself  in  regard 
to,  I  move  that  we  omit  the  last  two  lines  of  clause  17. 

Mr.  J.  L.  Campbell: — The  specifications  say  the  rods  should  be  prefer- 
ably upset,  but  it  was  left  to  the  individuals  of  the  Association  to  use 
either  one. 

Mr.  Kittredge : — I  would  say  a  word  in  favor  of  Mr.  Loweth's  mo- 
tion— we  avoid  an  inconsistency  by  omitting  these  lines.  In  clause 
15  it  says,  in  regard  to  the  joints,  that  they  shall  be  as  strong  as  the 
hoops.  By  omitting  the  last  two  lines  of  this  paragraph,  we  avoid  the 
inconsistency  of  making  a  smaller  joint  than  the  hoop. 
The  President :— The  last  two  lines  will  be  omitted. 
The  Secretary:— "18.  Roof.  The  roof  shall  preferably  be  built  in  the 
form  of  a  flat  dome,  as  shown,  but  other  forms  may  be  used." 

Mr.  Lindsay :— This  specification,  reading  as  it  does,  is  imperative, 
and  I  would  like  to  know  what  particular  virtue  the  dome  roof  has.  It 
does  not  appeal  to  me  from  an  esthetic  standpoint,  and  I  cannot  see  any 
economy  in  it.     It  will  be  difficult  to  make,  and  difiicult  to  maintain. 

Mr.  J.  L.  Campbell :— The  Committee  believes  that  the  form  of  roof 
shown  is  simple  and  economical,  as  much  so  as  any  other  form  of  roof, 
and  probably  more  easily  constructed  than  the  more  ordinary  forms  of 
roofs.  The  specifications  leave  the  selection  of  the  form  of  roof  optional. 
Mr.  Lindsay: — Will  the  Committee  substitute  the  word  "will"  for 
"shall"  in  the  first  line? 

The  President :— That  is  acceptable  to  the  Connnittec. 
Mr.  Loweth :— I  agree  that  the  form  of  roof  specified  would  be  satis- 
factory, in  that  it  would  present  a  good  appearance,  and  cost  but  a  trifle 
more  than  the  ordinary  cone  roof;  but  even  so,  why  should  the  Associa- 
tion adopt  the  dome  roof  in  preference  to  anything  else,  especially  in  view 
of  the    prevalence   of   other    forms   than    that    recommended?      I    see    no 
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occasion  for  such  action,  and  move  that  the  word  "preferably"  be  stricken 
out. 

•The  President : — The  Committee  accepts  Mr.  Lindsay's  suggestion. 

Mr.  McDonald :— That  will  not  remove  Mr.  Loweth's  objection.  If 
you  strike  out  the  word  "preferably,"  that  makes  it  imperative  that  it 
shall  be  built  with  a  dome. 

The  President : — The  Committee  suggests  the  use  of  the  word  "may" 
instead  of  "shall." 

Mr.  Shurtleff: — ^It  seems  to  me  that,  instead  of  going  into  specifica- 
tions, our  specifications  are  going  into  designs  which  will  be  covered  by 
plans.  I  suggest  that  the  paragraph  be  stricken  out  entirely  and  that  a 
new  paragraph  be  provided  specifying  that  the  roof  shall  be  according  to 
standard  plans,  which  will  cover  the  details,  but  details  of  plans  should 
not  be  specifically  mentioned  in  the  specifications. 

Mr.  Lindsay: — The  standard  plan  becomes  a  part  of  the  specifica- 
tion— the  standard  plan  shows  a  dome  roof,  and  if  we  omit  the  specifica- 
tion, wc  would  be  really  worse  off  than  we  are  now. 

Mr.  Loweth: — I  second  Mr.  Shurtleff 's  motion. 

J\Ir.  J.  L.  Campbell :— It  seems  to  me  on  that  basis  we  could  make 
our  specifications  very  short.  We  could  simply  say,  "the  tanks  should  be 
built  according  to  the  plans."  It  seems  to  me  that  would  be  all  that  is 
necessary  in  these  specifications,  on  that  basis. 

Mr.  Loweth : — Has  the  Committee  any  information  as  to  the  number 
of  railways  that  have  built  tanks  with  roofs  of  this  design?  The  Com- 
mittee is  asking  the  Association  to  adopt  specifications  in  which  it  is 
stated  that  this  type  of  roof  is  preferable,  but  gives  no  reason  therefor. 
I  do  not  know  of  any  roads  which  have  been  using  this  type  of  roof. 

Mr.  Ransom : — I  would  say  that  two  years  ago  we  attempted  to  get 
standard  plans  of  tanks  from  the  railroads  of  the  country.  We  received 
many  answers  to  our  inquiry,  which  indicated  that  the  question  of  water 
tanks  had  not  received  much  consideration  for  thirty  years.  On  most  of 
the  railroads,  the  Committee  was  unable  to  definitely  determine  what  the 
best  practice  on  railroads  was  in  regard  to  tank  design,  and  it  has  been 
up  against  that  situation  ever  since  the  question  of  tank  design  was 
brought  up.  The  bulk  of  the  railroads  apparently  have  considered  the 
question  of  tank  design  a  secondary  matter,  and  paid  very  little  attention 
to  it,  although  some  roads  have  considered  it  very  carefully. 

Mr.  Ferriday : — I  will  say  in  connection  with  the  roof  design,  that 
you  might  specify  a  certain  type  of  roof  this  year  and  show  plans  calling 
for  a  pyramidal  roof,  or  conical  roof,  have  that  referred  back  to  the 
Committee,  and  then  show  some  other  type  next  year,  and  another  type 
the  year  after,  and  the  only  way  we  can  get  together  is  by  a  compromise. 
It  is  not  claimed  that  this  is  the  cheapest  or  best  type  of  roof,  or  perhaps 
the  most  artistic,  but  we  have  to  show  some  sort  of  roof. 

If  the  consensus  of  the  Association  is  that  this  form  is  not  desirable, 
we   would  like  some  pretty   full   discussion,   so   that   some  form  may  be 
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decided  on  in  the  convention  here,  and  that  could  be  shown  in  our  plans 
and  in  our  specifications. 

Mr.  Shurtlefif: — With  reference  to  iVlr.  Campbell's  statement,  I  be- 
lieve that  a  specification  should  specify  materials  used  and  workmanship, 
but  later  on,  if  they  are  going  to  call  on  this  Association  to  adopt  this 
plan,  which  is  submitted  with  this  specification  and  details,  I  doubt  if 
they  will  secure  the  adoption  of  the  specifications  by  the  Association. 
Of  course,  that  remains  to  be  seen.  I  am  making  my  motion  with  the 
idea  that  the  wishes  of  the  Committee  that  are  acceptable  will  be 
adopted,  but  hardly  feel  that  the  Association  will  adopt  the  plans  as 
submitted,  to  go  into  the  Manual. 

Mr.  J.  M.  Meade  (Santa  Fe)  :— I  will  state,  for  the  benefit  of  the 
Association,  that  the  Santa  Fe  is  building  its  standard  steel  tanks  without 
any  roof,  from  Illinois  to  the  Pacific  coast. 

The  President : — You  are  not  in  a  country  where  the  temperature 
gets  to  20  degrees  below  zero? 

Mr.   Meade: — It   gets   pretty  near  to    that. 

Mr.  McDonald : — I  believe  we  have  reached  a  point  in  the  conduct 
of  the  affairs  of  this  Association  when  we  should  lay  down  the  principle 
on  which  our  work  should  be  prepared  in  the  future.  Every  time  plans 
are  presented  there  is  continual  objection,  and  we  have  never  succeeded 
in  introducing  a  set  of  plans  into  our  Manual.  If  we  are  making  a  mis- 
take in  instructing  our  committees  to  bring  in  definite  specifications  and 
recommendations,  then  the  Association  should  so  express  itself. 

Last  year,  when  this  report  came  up,  the  Committee  presented  de- 
tailed specifications,  and  the  criticism  was  that  they  were  not  in  sufficient 
detail,  and  it  was  instructed  to  again  take  up  the  subject  and  bring  in 
specific  recommendations.  The  Committee  has  followed  the  instructions 
in  the  report  it  has  presented  at  this  convention.  If  this  is  wrong  prac- 
tice, our  committees  in  the  future,  it  seems  to  me,  should  be  instructed 
to  bring  in  only  recommendations  as  to  the  underlying  principles,  and 
leave  plans  out.  I  believe  our  convention  should  express  itself  on  that 
theory,  so  that  our  work  may  be  properly  arranged  for  the  future,  and 
we  may  not  be  called  upon  to  consume  the  time  of  the  convention  in 
discussing  questions  of  design,  which  are  constantly  meeting  with  oppo- 
sition on  account  of  varying  standards  on  the  different  roads. 

Mr.  J.  L.  Campbell : — I  believe  I  voice  the  sentiments  of  this  partic- 
ular Committee  when  I  say  "amen"  to  those  remarks. 

The  President: — Mr.  McDonald's  remarks  are  very  opportune.  I 
believe  it  is  the  province  of  the  Board  of  Direction  to  lay  down  in  its 
instructions  to  the  committees  some  specific  rules  of  procedure. 

Mr.  J.  B.  Jenkins  (Baltimore  &  Ohio)  : — In  the  matter  of  committee 
reports,  the  convention  has  usually  objected  to  specifications  and  plans, 
on  the  one  hand,  as  not  being  sufficiently  complete,  and,  on  the  other 
hand,  as  being  too  complete  and  specific,  and  that  public  service  commis- 
sions might  object  to  other  and  equally  correct  standards  of  practice  on 
account  of  not  conforming  strictly  to  those   recommended   by  this  Asso- 
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elation.  Thus  every  committee  has  been  between  two.  fires.  It  seems  to 
me  it  might  be  well  for  this  convention  to  request  the  Board  of 
Direction  to  draw  up  a  preface  to  our  Manual,  which  would  state,  in 
effect,  that  while  the  practice  recommended  in  the  Manual  is  considered 
good  practice,  it  is  not  necessarily  the  only  good  practice  and  that  it  is 
not  intended  to  exclude  any  other  methods,  plans  or  specifications  which 
may  arrive  at  the  desired  result. 

The  President :— For  the  information  of  the  Association,  I  will  state 
that  the  Board  has  practically  agreed  on  such  a  rule,  which  will  appear 
in  the  new  Manual.     Is  there  any  further  discussion  on  the  question? 

(Mr.    Shurtleff's   motion    was    lost.) 

The  President : — It  will  be  necessary,  on  account  of  the  amendment 
of  clause  i8,  to  amend  19,  20,  21,  22  and  23,  and  if  the  convention  will 
accept  it,  the  Committee  will  amend  these  sections  to .  conform  to  clause 
18.  The  changes  will  be  made  to  harmonize  with  the  statement,  "the  roof 
may  be  built,"  etc.  If  there  is  no  objection,  these  paragraphs  will  be 
referred  to  the  Committee  to  be  amended  in  conformity  with  clause  18, 
as  amended. 

We  will  now  proceed  to  clause  24. 

The  Secretary: — "24.  Frostproof  floor.  When  required  for  frost- 
proofing,  the  roof  shall  be  oiled,  as  shown.  Where  ice  will  not  form  to  an 
injurious  or  troublesome  degree  and  sunlight  will  not  cause  vegetable 
growth  in  the  water,  the  entire  roof  and  ceiling  may  be  omitted. 

"25.  Frost  shaft.  The  frost  shaft,  extending  from  the  frost  pit  to 
the  bottom  of  the  tub,  shall  be  constructed,  as  shown,  enclosing  it  by 
multiple  walls  of  i-in.  by  6-in.  lumber,  S  i  S  and  2  E,  separated  by  2-in. 
by  4-in-  studding  on  edge  or  side.  Each  wall  shall  have  two  courses  of 
lumber  separated  by  a  layer  of  heavy  tar  felt.  The  outside  course  shall 
be  tongued  and  grooved.  The  number  of  walls  shall  be  sufficient  to  pre- 
vent water  in  the  enclosed  pipe  from  freezing.  A  frostproof  door  in  one 
side  of  the  shaft  shall  be  constructed  as  designed  by  the  engineer. 

"Where  ice  will  not  form,  the  entire  frostproofing,  including  pit,  may 
be   omitted." 

Mr.  Lindsay : — 'Does  paragraph  25  confine  us  to  the  particular  type  of 
frostproofing  described  ?  There  are  other  forms  as  economical  in  mate- 
rial and  as  satisfactory.  I  refer  to  the  use  of  dead  air  spaces  around 
each  pipe. 

Mr.  Ransom: — That  is  what  this  covers. 

Mr.  Lindsay : — I  mean  dead  air  spaces  around  each  individual  pipe, 
or  around  two  or  three  pipes,  with  different  designs  of  tank.  We  ought 
to  be  liberal  enough  to  admit  that  form,  I  think. 

Mr.  Ransom : — This  specification  is  simply  for  a  wooden  tank  and 
the  design  you  speak  of  would  not  be  very  often  used  in  a  wooden  tank. 

Mr.  P.  C.  Newbegin  (Bangor  &  Aroostook)  : — I  do  not  think  this 
frostproofing  as  shown  would  answer  for  a  very  cold  climate.  Up  in 
Northeastern  Maine  we  have  temperatures  down  to  40  degrees  below  zero, 
and  the  only  way  we  can  keep  our  tanks  free  from  ice  is  to  enclose  the 
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entire  bottom  of  the  tank  and  put  in  a  stove,  and  run  a  pipe  from  the 
stove  through  the  water  in  the  tank  and  keep  a  fire  continually  in  the 
stove. 

Mr.  Lloyd:— I  was  brought  up  in  the  Northwest,  where  they  have 
as  cold  weather  as  in  Maine,  and  we  arranged  our  frostproofing  in  the 
same  way  as  that  outlined  in  the  report.  We  did -not  find  it  necessary 
to  use  a  stove. 

The  Secretary: — "26.  Lumber.  All  lumber  in  the  roof  and  frost- 
proofing  shall  be  No.  i  common,  as  rated  by  the  Lumbermen's  Association 
for  the  district  supplying  the  material. 

"27.  Piping.  The  tank  shall  be  equipped  with  a  tank  supply  pipe,  a 
water-column  supply  pipe  and  an  overflow  pipe,  as  shown.  The  first  two 
shall  be  provided  with  gate  valves.  For  a  gravity  supply  the  tank  supply 
pipe  shall  be  carried  to  the  top  of  the  tank  and  capped  by  a  float  valve. 
The  sizes  of  the  pipe  shall  be  determined  by  the  engineer.  No  pipes  shall 
have  an  inside  diameter  less  than  4  in.  All  pipes  shall  pass  through  the 
bottom  of  the  tank  by  two  standard  flanges  full  bolted  with  gaskets.  For 
a  pressure  gravity  supply,  a  stuffing  box  in  lieu  of  flanges  for  the  tank 
supply  pipe  may  be  used  if  necessary  to  prevent  leakage.  All  pipes  shall 
be  enclosed  in  the  frost  shaft  and  pit  and  leave  the  latter  below  the  frost 
line." 

Mr.  Loweth  :— I  ask  the  Committee  if  it  is  always  necessary  to  have 
the  water  supply  pipes  and  the  discharge  pipes  separate?  There  are 
many  cases  where  the  two  can  be  combined  in  one.  This  design  is  prefaced 
with  the  statement  that  the  tank  is  designed  to  deliver  water  to  locomo- 
tive through  water  columns.  I  think  the  practice  is  to  separate  the  two 
pipes. 

Mr.  Lindsay : — Our  experience  recently  has  been  that  the  float  valve 
can  be  very  much  improved  upon  by  the  use  of  an  automatic  valve 
in  the  frost  pit.  The  float  valve,  in  places  where  you  are  troubled  witu 
considerable  ice,  is  very  often  frozen  up,  and  does  not  regulate  the  sup 
ply.  While  I  judge  the  specification  does  not  prohibit  the  use  of  such  a 
device,  I  call  it  to  the  attention  of  the  Association.  There  is  also  an 
improvement  that  can  be  made  in  the  elbow  in  the  frost  pit,  at  the  base 
of  the  supply  pipe,  where  the  supply  pipe  rises  to  supply  the  tank.  If 
this  is  made  a  tec  instead  of  an  elbow  and  provided  with  a  plug,  the 
sediment,  which  gathers  at  the  foot  of  the  supply  pipe  and  interferes 
with  the  supply,  can  be  blown  out. 

Mr.  Loweth :— I  wish  to  take  exception  to  the  Chairman's  statement 
that  the  best  practice  requires  the  use  of  separate  inlet  and  outlet  pipes. 
That  is  frequently  not  the  case.  Many  times  money  is  sa\od  by  making 
one  pipe  serve  both  purposes. 

Mr.  A.  W.  Johnston  (New  York,  Chicago  &  St.  Louis)  :— I  do  not 
wish  to  appear  hypercritical  in  reading  the  specifications,  but  in  one  part 
of  clause  27  it  says,  "the  size  of  the  pipe  shall  be  determined  by  the 
engineer."  It  also  says,  "no  pipe  shall  have  an  inside  diameter  less  than 
4  in."     Why  specify  the  limiting  size? 
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The  President: — That  is  in  order  to  check  the  judgment  of  the 
engineer. 

Mr.  Lloyd : — Gravity  lines  are  supposed  to  carry  the  water  up  into 
the  tank.  We  have  places  where  we  use  only  3-in.  pipe — the  head  is  only 
2  or  3  ft.  above  the  top  of  the  tank.  If  we  carry  the  gravity  pipe  to  the 
top  of  tank,  we  reduce  the  supply  of  water  by  reducing  the  head;  whereas, 
if  the  pipe  line  is  cut  oflf  just  above  the  bottom  of  the  tub,  we  get  addi- 
tional head  and  consequently  an  increased  supply,  varying  with  the  height 
of  water  in  tank. 

Mr.  J.  L.  Campbell :— In  this  tank,  used  in  connection  with  a  water 
column,  that  has  no  connection  with  the  delivery  to  the  water  column. 
The  water  is  drawn  from  the  bottom  of  the  tank,  as  the  plan  shows, 
through  the  12-in.  pipe. 

Mr.  Lloyd: — The  gravity  lines  mentioned  have  reference  to  the  sup- 
ply to  the  tank,  not  to  draw  oflf  from  the  tank. 

The  Secretary: — "28.  Sludge  hole.  In  the  bottom  of  the  tank  out- 
side of  the  frost  shaft  a  sludge  hole  with  plug  shall  be  constructed  as 
designed  or  selected  by  the  engineer." 

Mr.  Lindsay: — A  sludge  hole  in  the  bottom  of  the  tank  is  a  very 
dirty  and  uneconomical  arrangement.  When  you  open  the  hole  and  let 
the  sludge  out,  it  goes  all  over  the  substructure,  and  smears  it,  and  yoxi 
must  wash  it  ofif,  or  repaint  it.  There  should  be  a  pipe  from  the  sludge 
hole  to  a  suitable  point  on  the  ground.  I  think  the  sludge  hole  should  be 
equipped  with  a  better  device  than  a  plug  of  wood.  There  should  be  a 
recessed  cast-iron  cap  that  could  be  put  on  the  hole  and  tightened  down 
so  as  to  prevent  leakage. 

Mr.  Ransom  : — That  is  a  question  of  detail  in  the  design  which  the 
Committee  did  not  consider. 

The  Secretary : — "29.  Water  tightness.  When  the  tank  is  finished, 
the  hoops  properly  tightened  and  the  wood  saturated,  the  tub  shall  be 
water  tight.  No  foreign  material  shall  be  used  in  making  the  joints  in  the 
tub. 

"30.  Gage.  The  tank  shall  be  equipped  with  a  gage,  indicator  and 
float  as  designed  or  selected  by  the  engineer.  The  clearance  between  the 
gage  board  and  the  tub  shall  not  be  less  than  i  in. 

"31.  Ladders.  The  ladders  shall  be  constructed,  as  shown,  and  ?s 
designed  or  selected  by  the  engineer. 

"32.  Painting.  All  exposed  woodwork  shall  be  painted  with  one 
priming  and  two  finishing  coats,  using  the  company's  standard  paint  and 
colors  for  such  work.     Ail  wood  to  be  painted  shall  be  dressed. 

"33.  Definitions.  The  words  'company,'  'engineer,'  'as  shown,'  'draw- 
ings' and  'this  Association'  appearing  in  these  specifications  are  defined 
as  follows : 

"  'Company'  means  the  railway  company  building  a  tank  under  these 
specifications. 

"  'Engineer'  means  the  engineer  of  the  company, 

'"Drawings'  means  the  drawings  of  the  tank  herein  specified  and 
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forming  a  part  of  these  specifications,  including  such  working  drawings 
as  the  engineer  shall  prepare  or  approve. 

"'As  shown'  means  as  shown  on  the  drawings. 

"  'This   Association'   means    the    American   Railway    Engineering   and 
Maintenance  of  Way  Association." 

Mr.  Lindsay: — I  submit  that  the  definitions  in  paragraph  33   should 
occur  as  paragraph  i. 

The  President: — The  Committee  accepts  the  suggestion. 
Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — I  desire  to  intro- 
duce a  motion.  We  are  now  twelve  years  old  as  an  Association,  and 
there  is  a  very  sharp  difference  of  view  as  to  whether  a  Manual  should 
be  published  or  not.  There  is  also  a  very  decided  difference  of  view  as  to 
what  should  enter  into  the  Manual.  I  believe  we  have  reached  a  point 
where  the  Manual  should  contain  less  subject-matter.  The  original  pur- 
pose in  publishing  a  Manual  probably  has  never  been  stated.  I  do  not 
know  what  that  original  purpose  was,  except  as  we  find  on  the  index 
page  of  the  Manual,  but  it  is  my  personal  opinion  that  the  greatest  value 
of  the  Manual  lies  in  the  fact  that  it  should  contain  general  specifica- 
tions, which  will  enable  railroads  to  obtain  competition  in  the  purchase 
of  materials.  As  a  primary  object,  that  would  justify  its  existence.  My 
thought  is,  that  it  should  contain  well-defined  principles  which  could  be 
followed  by  engineers  generally. 

Again,  to  introduce  standard  plans  into  the  Manual  may  or  may  not 
be  desirable,  but  I  think  it  is  out  of  the  question  to  introduce  into  the 
Manual  standard  designs  of  structures.  We  might  follow  this  question 
by  discussion  for  a  long  time,  but  I  submit  that  we  have  reached  the 
point  where  it  would  be  fair  to  lay  down  the  general  principle  that  com- 
mittees may  prepare  standard  plans,  not  with  reference  to  having  them 
adopted  as  parts  of  the  Manual,  but  for  the  purpose  of  having  them 
approved  as  information,  as  to  best  designs  suitable  to  definitely  prescribed 
conditions. 

I  therefore  move  that  the  specifications  as  heretofore  considered 
under  the  head  of  this  Committee,  and  also  those  under  the  heading  of 
"Iron  and  Steel  Tanks,"  be  passed,  with  the  understanding  that  standard 
designs  as  to  the  structures  themselves  shall  not  be  included  in  the  Man- 
ual, and  that  this  be  approved  as  a  general  practice  to  be  followed  in  the 
future  by  the  Association. 

The  President: — The  Committee  states  that  they  are  perfectly  willing 
that  these  specifications  and  plans  shall  be  accepted  as  information,  but 
they  are  not  willing  to  have  the  matter  referred  back  to  them.  Tlicv 
claim  they  have  performed  good  service,  given  intelligent  thought  and 
attention  to  this  subject,  and  that  the  Association  should  recognize  it, 
but  that  to  refer  it  back  to  the  Committee  to  prepare  a  report  next  year,  to 
meet  with  the  same  objections  as  this  year,  would  mean  an  endless-chain 
arrangement. 

Mr.  W.  C.  Gushing  (Pennsylvania  Lines) ;— I  second  Mr.  Wendt's 
motion. 
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Mr.  Loweth : — I  doubt  if  I  understand  just  what  is  included  in  Mr. 
Wendt's  motion ;  it  seems  to  include  not  only  the  disposition  of  this  report, 
but  also  a  question  of  future  policy.  I  would  like  to  have  the  motion 
put  in  writing  before  we  act  on  it,  so  that  we  may  vote  on  it  under- 
stand ingly. 

The  President : — The  Chair  thinks  this  is  a  matter  which  should 
come  under  the  heading  of  "New  Business,"  and  is  not  in  order  at  this 
time.     It  is  important,  and  should  not  be  overlooked. 

Mr.  Wendt : — I  will  make  my  motion  to  read  that  the  report  of  this 
Committee  be  received  as  information  in  accordance  with  General  Rule 
No.  I. 

The  President : — Under  that  motion,  it  will  not  be  necessary,  unless 
the  convention  so  desires,  to  take  up  the  plans  for  the  iron  or  steel  water 
and  oil  tanks,  which  follow  in  the  remaining  conclusions  of  the  Com- 
mittee. 

Mr.  L.  S.  Rose  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — I  think 
this  is  a  question  we  should  have  some  consideration  on.  What  standing 
has  this  report  if  the  convention  passes  a  rule  that  it  is  received  as  in- 
formation ? 

The  President : — It  will  then  be  published  in  the  Proceedings  and  be 
a  matter  of  reference  for  the  members  of  the  Association. 

Mr.  Rose : — It  would  be  published  in  the  Proceedings,  if  the  conven- 
tion had  returned  it  to  the  Committee? 

The  President : — It  would. 

Mr.  Rose: — The  great  objection  I  see  to  the  adoption  of  this  rule  is 
that  these  reports  are  very  often  disconnected. 

The  President : — This  question  will  come  up  under  "New  Business." 
Are  your  ideas  in  reference  particularly  to  the  report  under  considera- 
tion, or  are  they  of  a  general  nature? 

Mr.  Rose : — I  think  my  ideas  are  general,  and  I  will  sit  down. 

The  President: — The  Chair  understands  that  Mr.  Wendt's  motion 
applies  to  the  conclusions  of  the  Committee  as  they  appear  on  page  92. 

Mr.  Wendt — My  motion  was  intended  to  include  the  entire  report 
of  this  Committee,  and  my  action,  as  I  understand  it.  is  in  accordance 
with  the  wishes  of  the  Committee  that  it  be  received  as  information  and 
not  referred  back. 

The  President: — It  applies  to  this  particular  specification  only,  the 
one  we  have  just  been  discussing.  The  Committee  points  out  that  the 
general  specifications  for  ordinary  iron  or  steel  water  and  oil  tanks  is 
an  important  matter,  and  the  Chair  would  like  the  Association  to  decide 
whether  it  shall  be  discussed  or  not. 

Mr.  Wendt : — I  will  limij:  my  motion  to  what  has  been  considered  at 
the  present  time. 

The  President :— The  motion  js  that  the  specifications  for  wooden 
water  tanks  be  received  as  information. 

(The  motion  was  carried.) 

The  President: — We  will  now  proceed  to  the  general  specifications 
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for  ordinary  iron  or  steel  water  and  oil  tanks.  The  Chair  will  enter- 
tain a  motion  whether  or  not  these  specifications  shall  be  discussed  in 
detail. 

Mr.  Lindsay:— The  hour  is  growing  late,  and  there  are  other  com 
mittees  with  reports,  which  we  would  like  to  have  action  on,  and  inas- 
much as  the  specification  for  the  wooden  tank  has  been  disposed  of  as  it 
has  (I  beUeve  the  Committee  will  accept  it),  iTiiove  that  the  specifications 
for  the  steel  tanks  be  accepted  as  information,  and  written  discussion 
invited. 

Mr.  J.  L.  Campbell :— The  Committee  has  no  desire  to  take  up  the 
time  of  this  Association,  but  I  desire  simply  to  say  that  these  general 
specifications  for  ordinary  iron  or  steel  water  and  oil  tanks  do  not  carry 
with  them  any  plans. 

Mr.  Ferriday: — These  are  the  specifications  we  were  instructed  last 
year  to  bring  in  in  greater  detail.  It  is  unfortunate  the  time  is  going 
by,  but  I  do  not  think  we  should  dispose  of  the  entire  work  of  the  Com- 
mittee by  accepting  it  as  information.  We  want  the  wooden  tank  accepted 
as  information,  if  it  cannot  be  adopted  and  put  in  the  Manual.  We 
would  like  to  have  that  done  with  the  iron  and  steel  tanks,  so  that  we 
can  get  done  with  this  subject  and  pass  on  to  something  else.  I  think 
that  the  iron  or  steel  water  and  oil  tanks  should  be  discussed  in  detail 

Mr.  William  McNab  (Grand  Trunk)  :— Does  Mr.  Lindsay  antici 
pate  that  the  members  of  this  Association  will  turn  in  any  discussion 
in  writing?  We  have  had  experience  in  regard  to  that  in  the  past,  and 
I  do  not  think  the  written  discussion  which  we  would  receive  from  the 
members  on  this  report  would,  in  quantity,  materially  add  to  the  volume 
of  our  Proceedings. 

The  President :— The  Chair  would  say,  if  there  is  no  objection,  that 
we  can  read  the  headings  of  the  paragraphs,  give  the  members  time  to 
read  the  matter,  and  if  there  is  no  discussion  or  objection,  to  proceed 
to  the  following  paragraphs.  Mr.  Lindsay's  motion  does  not  necessarily 
restrict  the  discussion. 

Mr.  McNab :— It  was  made  for  that  purpose. 
(Mr.  Lindsay's  motion  was  lost.) 

Mr.  Kittredge:— I  move  that  at  i  o'clock  the  discussion  of  all  Com- 
mittee reports  shall  cease.  The  time  is  growing  short.  There  is  other 
business  for  this  Association  to  do,  and  it  seems  that  only  by  some  such 
action  as  that  we  will  be  in  any  condition  to  finish  up  work  which  it  is 
absolutely  necessary  should  be  done.  With  that  information  before  us, 
it  may  enable  us  to  decide  quickly  what  action  to  take  in  regard  to  any 
special  committee.  I  suggest  that  the  remaining  time  at  our  disposal 
between  now  and  I  o'clock  be  divided  among  the  different  Committees 
which  have  yet  to  report  on  some  basis  to  be  determined  by  the  Chair. 
The  President:— It  is  moved  and  seconded  that  at  i  o'clock  this  con- 
vention cease  the  discussion  of  Committee  reports  and  proceed  to  the 
remaining  business. 

(The  motio?!  carried.)  i     __ji,  ,     ..^ 
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Mr.  Rose: — I  move  that  the  balance  of  the  time  be  given  to  the 
Water  Service  Committee,  for  they  need  it. 

Mr.  Shurtlefif : — I  move  that  the  specifications  for  iron  and  steel  tanks 
be  submitted  to  the  Association  for  letter-ballot  for  adoption  in  the 
Manual. 

Mr.  McDonald: — I  ask  what  the  status  of  the  report  would  be  if  it 
is., adopted  by  letter-ballot?  I  do  not  know  of  any  provision  in  our  rules 
covering  voting  by  letter-ballot. 

Mr.  McNab: — Does  it  mean  simply,  answer  "Yes,"  or  "No,"  accept 
them  in  whole  or  discard  them? 

The  President: — You  might  just  as  well,  in  the  opinion  of  the  Chair, 
disapprove  the  report  of  the  Committee  as  to  submit  it  to  letter-ballot 
under  our  usual  form  of  procedure. 

Mr.  Shurtleff: — I  withdraw  the  motion. 

Mr.  McDonald: — I  move  that  this  report  be  received  as  information 
under  Rule  l6-a.  That  will  put  it  in  the  position  that  if  the  Board  of 
Direction  see  fit  to  refer  this  matter  again  to  that  Committee,  for  a  fur- 
ther report  next  year,  they  may  do  so,  and  if  they  do  not  see  fit  to  do  so, 
that  it  remains  published  in  the  Proceedings  as  presented,  without  fur- 
ther discussion. 

The  President : — You  mean  it  shall  be  accepted  as  information  with- 
out discussion  now? 

Mr.  McDonald: — Yes. 

Mr.  McNab:— Is  this  the  main  idea  of  Mr.  IMcDonald's  motion,  that 
the  time  is  too  limited  to  discuss  the  report? 

Mr.  McDonald — I  confess  that  is  the  main  idea.  I  know  there  are 
other  important  matters  to  be  discussed — other  reports — and  I  do  not 
believe  we  are  going  to  have  the  time  to  give  them  the  consideration  they 
should  have,  and  I  think  we  all  realize  the  mistake  our  committees  are 
making — or  rather  the  instructions  to  the  committees,  and  the  commit- 
tees themselves  are  both  at  fault — in  undertaking  to  give  this  convention 
more  food  that  it  can  digest  in  the  time  at  its  disposal.  It  should  be 
left  discretionary  with  the  Committee  to  bring  in  such  information  as 
they  feel  can  be  reasonably  disposed  of  in  a  reasonable  time.  To  give  this 
report  proper  discussion  would  consume  48  hours.  I  believe  that  we 
can  dispose  of  the  reports  of  a  number  of  these  other  committees  in  a 
shorter  time,  and  this  Committee  has  certainly  had  its  innings  on  one 
subject,  anyhow. 

Mr.  Rose: — I  think  we  had  better  carry  the  Water  Service  Com- 
mittee to  the  end  of  the  time  available,  and  settle  it,  rather  than  to  turn 
this  Committee  loose,  and  then  run  two  or  three  other  committees  over  the 
rack. 

(Mr.  McDonald's  motion  carried.) 

The  President: — The  Committer  is  relieved  with  the  thanks  of  thQ 
Assgciation  for  th«  ?KC«lI«nt  work  it  has  done. 


REPORT  OF  COMMITTEE  XL— ON  RECORDS  AND 
ACCOUNTS. 

(Bulletin   131.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

(I)     OUTLINE  OF  WORK. 

The  Board  of  Direction  assigned  the  following  work  to  your  Com- 
mittee for  the  current  year : 

(i)     Recommend  a  form  and  system  for  keeping  sidetrack  records. 

(2)  Continue  the  study  of  estimate  forms  for  construction  and  main- 
tenance work. 

(3)  Consider   revision   of   the   Manual;    if   no   changes   are    recom- 
mended, make  statement  accordingly. 

(4)  Make  concise  recommendations  for  next  year's  work. 

(II)     ORGANIZATION  FOR  SUB-COMMITTEE  WORK 

Sub-Committee  A — Sidetrack  Records  :  ! 

M.  C.  Byers,  Chairman.  ■' 

C.  W.  Pifer. 
Thomas  Maney. 

Sub-Committee  B — Bridge  Estimate  Forms : 
Edward  Gray,  Chairman. 
R.  W.  Willis. 
E.  E.  Hanna. 

Sub-Committee  C — Building  Estimate  Forms: 

W.  H.  Sellew,  Chairman. 

J.  H.  Milburn. 
Sub-Committee  D — Water  Service  Estimate  Forms : 

C.  H.  Gerbcr,  Chairman. 

J.  M.  Brown.  1 

Sub-Committee  E — Section    Foreman's   Material   Report : 
Henry  Lehn,  Chairman. 
J.  E.  Turk. 
T.  H.  Gatlin. 

The  general  plan  of  conducting  the  work  was  the  same  as  heretofore, 
of  dividing  the  Committee  membership  into  sub-committees  to  handle  the 
individual  subjects;  the  sub-committees  reported  their  results  and  made 
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recommendations  to  the  General  Committee  at  meetings  held  in  Chicago, 
September  12,  1910,  and  January  7,  191 1. 

(Ill)     SUB-COMMITTEE  REPORTS. 
Sub-Committee  A — Sidetrack  Records. 

(a)     Instructions. 

The  work  outlined  for  this  Sub-Committee  was  as  follows : 
(i)     To  collect  data  in  the  nature  of  forms  and  methods  used  by  rail- 
roads for  keeping  sidetrack  records.  ^ 

(2)  To  formulate  a  definite  recommendation  for  a  method  of  pre- 
paring and  keeping  such  records,  with  particular  attention  to  the  following 
features : 

(i)     Reporting  completion   of  sidetracks. 

(2)  Keeping  permanent  record  of  same. 

(3)  Periodically  checking  location  and  length  to  ensure  the  record 

always  being  correct. 

The  information  considered  desirable  for  such  a  record  generally  con- 
sists of  the  following : 

(i)  Location  of  sidetrack  by  mile  post  and  station. 

(2)  Length. 

(3)  Alinement. 

(4)  Gradient. 

(5)  Actual  cost  and  by  whom  assumed. 

(6)  Character,  age  and  weight  of  rail. 

(7)  Character  and  size  of  ties. 

(8)  Description  of  bridges  and  culverts. 

(9)  Date  of  construction. 

(10)  Memorandum    of  agreement,   if   any,    covering   construction 

and  maintenance. 

(11)  Title  to  property  occupied. 

A  general  request  was  made  for  sample  forms,  which  forms  guided 
the  Sub-Committee  in  the  investigation  of  the  subject. 

(b)  Discussion. 
The  investigation  developed  that  the  railroad  companies  have  not  as 
a  general  thing  devised  very  complete  systems  for  keeping  sidetrack  rec- 
ords, although  the  necessity  for  such  is  generally  admitted  but  not  fully 
appreciated.  There  would  seem  to  be  no  reason  why  the  same  care  should 
not  be  given  to  maintaining  careful  records  of  sidetracks  as  is  given  to 
keeping  records  of  main  tracks  and  other  physical  assets  of  a  railroad 
company. 

In  the  analysis  of  the  subject  the   Sub-Committee  came  to  the  con- 
clusion that  a  sidetrack  record  should  be  used  for  the  following  reasons : 
(i)     To   provide  data   for   compiling  reports   to   Stale  Railroad 
(^prnmissions.  and  the  Interstate  Commerce  Commission. 
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(2)  To  provide  data  for  annual  reports. 

(3)  Keep  a  record  of  ownership  of  sidetracks. 

(4)  Keep  records  for  taxation  purposes. 

(5)  Provide  a  convenient  method  by  which  the  officers  of  a  rail- 

road in  direct  charge  of  maintenance  or  changing  of  side- 
tracks may  become  familiar  with  the  conditions  under 
which  the  tracks  are  constructed  and  maintained.  This  is 
especially  valuable  in  connection  v/ith  sidetracks  y/hich 
are  owned  wholly  or  in  part  by  private  parties  or  corpora- 
tions, the  maintenance  of  which  is  performed  by  the  rail- 
road company  and  the  cost  charged  against  the  owner. 

Failure  to  keep  accurate  sidetrack  records  has  resulted  in  much  con- 
troversy between  interested  parties  and  oftentimes  endless  search  through 
correspondence  files  in  order  to  develop  the  information  which  ought  to 
be  readily  found  and  for  which  there  is  constant  call.  In  a  large  percent- 
age of  industrial  tracks  there  are  other  than  railroad  interests.  The  title 
to  the  track  and  property  and  maintenance  of  same  makes  it  just  au  im- 
portant to  keep  a  complete  and  accurate  record,  which  should  supplement 
the  written  contracts,  as  to  keep  records  of  titled  property.  In  addition, 
there  is  necessity  for  keeping  better  records  on  account  of  constantly 
increasing  demands  of  local  and  national  authorities  for  data  in  connec- 
tion with  physical  condition  of  property,  for  which  reliable  records  must 
be  within  easy  reach.  It  is  felt  that  the  importance  of  this  feature  of 
railroad  records  cannot  be  too  greatly  emphasized  and  that  it  has  not 
heretofore  been  given  the  prominence  it  deserves. 

The  Committee  presents  to  the  Association  for  adoption  the  form 
proposed  for  sidetrack  records,  identified  as  Exhibit  A.  This  form,  while 
possibly  giving  the  impression  that  it  may  be  elaborate,  will,  upon  exam- 
ination, be  found  to  contain  only  such  information  as  is  of  value,  and  the 
labor  and  time  involved  in  keeping  such  a  record  would  not  amount  to 
much  after  it  has  once  been  prepared. 

The  general  scheme  of  the  form  is  to  have  a  permanent  record,  which 
will  be  corrected  annually  and  which  will,  as  far  as  possible,  show  accu- 
rately the  track  situation  at  all  times,  and  it  is  so  planned  as  to  permit 
additions  or  reductions  in  length  to  be  indicated  immediately  upon  com- 
pletion of  the  work  without  causing  the  form  to  be  rewritten. 

The  form  needs  very  little  explanation,  as  the  headings  of  the  col- 
umns show  exactly  what  information  is  to  be  recorded.  In  presenting 
this  form  the  Committee  has  in  mind  the  necessity  for  a  form  that  will 
fit  all  conditions,  and  this  accounts  for  four  or  five  columns  which  show 
in  different  methods  the  location  of  track,  as  the  same  method  for  indi- 
cating the  location  could  not  be  used  under  all  conditions. 

It  is  proposed  that  this  form  be  printed  on  tracing  paper,  so  that  as 
many  copies  as  are  desired  can  be  taken  from  it  by  blueprinting,  the  origi- 
nal to  be  retained  in  the  local  office.  At  the  end  of  the  year  or  other 
prescribed  period  the  local  officers  should  correct  the  report  and  send  new 
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prints   to  the  office  of  the   Chief  Engineer  or   whatever  general   officefs 
may  require  such  information. 

In  detailed  explanation  of  the  use  of  the  columns  the  following  instruc- 
tions are  proposed  to  accompany  this  form : 

Column  No.  i. 

Show  location  of  sidetracks  referred  to  mile  posts,  which  method 
would  be  used  for  tracks  which  are  not  a  part  of  yards  or  within  station 
limits.  In  such  cases  the  mile  post  location  will  be  the  mile  and  plus  of 
the  switch  nearest  the  mile  post  measured  in  the  direction  in  which  the 
mileage  is  carried. 

Column  No.  2. 

Give  reference  indicating  that  the  sidetrack  is  on  the  right  or  left 
side  of  the  main  track. 

Column  No.  3. 

Give  name  of  station  at  which  track  is  located. 

Column  No.  4. 

Give  name  of  county  and  state. 

Column  No.  5. 

Give  name  or  number  of  township  or  school  district. 

Column  No.  6. 

Give  name  or  number  of  track,  as  it  may  be  designated. 

Column  No.  7. 

Indicate  whether  the  track  is  a  spur  or  connected  at  both  ends. 

Column  No.  8. 

Show  construction  authority  number. 

Column  No.  9. 

Give  number  of  contract,  if  any  exists,  covering  constrution,  operation 
or  maintenance. 
Column  No.  10. 

Show  date  sidetrack  was  completed. 
Column  No.  11. 

Give  character,  age  and  weight  of  rail. 
Columns  Nos.  12,  13,  14  and  15. 

Show  actual  length   of  track  at  the  end  of  prescribed   record  year, 
dividing  the  ownership  between  the  railroad  and  outside  interests. 
Columns  Nos.  16,  17,  18  and  19. 

Show  changes  which  may-  be  made  to  track  during  the  record  period. 
In  these  columns  the  plus  sign  should  be  used  to  indicate  track  length 
which  is  added,  and  the  minus  sign  should  be  used  for  track  length  which 
is  taken  up. 
Column  No.  20. . 

Show   any   miscellaneous   information    that   has   a   bearing   upon    the 
track  and  which  is  not  provided  for  by  separate  column. 
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A  space  should  be  provided  between  the  various  stations  to  permit 
of  additional  sidetracks  being  recorded  without  making  a  new  sheet. 

All  totals  and  all  figures  indicating  changes  during  the  year  should 
be  shown  on  the  tracing  paper  in  pencil,  also  the_last  two  figures  of  the  year 
in  which  the  report  is  made,  but  all  other  figures  should  be  made  with 
India  ink.  The  local  officers  preparing  the  sidetrack  record  should  retain 
the  original  form  and  at  the  end  of  the  period  for  which  the  report  is 
to  be  made,  should,  after  correcting  their  previous  reports  to  date,  send 
the  necessary  sets  of  blue  prints  to  the  office  of  the  Chief  Engineer,  one 
for  use  until  a  new  report  is  made,  and  the  others  to  be  filed  as  a  per- 
manent record.  The  tracing  paper  form  should  not  be  used  for  reference 
but  be  filed  in  a  dustproof  box  until  it  is  necessary  to  correct  it  or  make 
necessary  blue  print  copies. 

All  tracks  should  be  reported  on  the  sidetrack  record  in  linear  feet 
of  track. 

In  reporting  weight  of  rail  with  which  the  original  track  was  con- 
structed, this  should  be  reported  as  linear  feet  of  track. 

The  Committee  recommends  to  the  Association  for  adoption  in  the 
]\Ianual  of  Recommended  Practice  the  proposed  form  for  sidetrack  record 
shown  as  Exhibit  A. 

Sub-Committee   B — Bridge    Estimate   Forms. 

(a)     Instructions. 

This  Sub-Committee  was  instructed  to  continue  the  study  of  this  sub- 
ject, which  was  begun  but  not  completed  in  the  1909  report,  following  the 
general  idea  of  having  a  form  which  would  provide  a  uniform  method  for 
making  such  estimates  and  furnishing  a  guide  to  the  estimator  to  avoid 
errors  of  omission. 

(b)     Discussion. 

The  Sub-Committee  very  soon  determined  that  it  would  not  be  prac- 
ticable to  attempt  to  follow  in  the  preparation  of  this  form  the  scheme 
of  printing  the  various  items  that  enter  into  general  bridge  work.  The 
character  of  construction  varies  too  much  to  make  such  a  plan  feasible, 
and  it  was  therefore  concluded  by  the  Sub-Committee,  which  conclujiion 
was  indorsed  by  the  General  Committee,  that  in  the  design  of  such  a  form 
the  front  page  should  be  left  blank  as  far  as  the  list  of  items  is  concerned, 
but  that  on  the  reverse  side  of  the  sheet  should  appear  a  list  of  the  prin- 
cipal items  which  enter  into  various  kinds  of  bridge  construction  and 
which  would  be  a  guide  to  the  estimator,  and  insure  uniform  arrangement 
of  items  in  the  estimates  and  prevent  omission  of  important  features. 

In  the  preparation  of  this  list  of  items  it  was  found  quite  easy  to 
include  too  much  detail  and  the  Commiltee  has  therefore  not  attempted 
to  go  beyond  the  principal  items.  The  situation  in  regard  to  an  estimate 
for  bridge  work  which  would  fit  all  classes  of  structures  is  somewhat 
different  from  the  preparation  of  a  similar  form  for  track  estimates,  but 
in  the  design  of  the  face  of  this  form  an  attempt  has  been  made  to  make 
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it  consistent  in  arrangement  with  the  form  recommended  and  adopted 
for  track  estimates,  with  the  exception  of  printing  the  details. 

Exhibit  B  shows  the  proposed  form  for  the  face  of  this  sheet,  and  it 
will  be  observed  in  this  connection  that  the  Committee  has  adopted  a 
common  form  for  bridge,  building  and  water  service  estimates. 

Exhibit  C  shows  the  information  which  should  appear  on  the  reverse 
side  of  the  estimate  for  bridge  forms  and  is  self-explanatory. 

Sub-Committee  C — Building  Estimate   Forms. 

Instructions  to  this  Sub-Committee  were  of  the  same  character  as 
those  given  to  Sub-Committee  B,  and  the  same  general  principles  apply 
in  designing  a  form  for  these  estimates.  The  General  Committee  indorsed 
a  list  of  items  submitted  by  the  Sub-Committee  for  use  in  building  esti- 
mates, which  list  is  identified  as  Exhibit  D,  and  to  appear  on  the  reverse 
side  of  the  estimate  form. 

Sub-Committee  D — Water   Service  Estimate  Forms. 

The  same  conditions  apply  in  the  preparation  of  this  form  as  applied 
to  bridge  and  building  work,  and  the  Sub-Committee  recommended  and 
secured  the  approval  of  the  General  Committee  of  the  list  of  items  indi- 
cated as  Exhibit  E,  to  be  printed  in  the  reverse  side  of  the  estimate  form. 

In  conclusion  of  the  m.atter  of  estimate  forms  the  Committee  recom- 
mends the  adoption  for  the  Manual  of  Recommended  Practice  of  forms 
designated  as  Exhibits  B.  C.  D  and  E. 

Sub-Committee  E — Section   Foreman's   Material  Report  and  Revision 
OF  the  Manual. 

The  Committee  does  not  offer  any  suggestion  or  changes  with  refer- 
ence to  the  general  subject  of  revision  of  the  Manual.  The  Committee 
has  been  unable  to  do  much  more  than  complete  the  work  on  estimate 
forms  and  preparing  sidetrack  record,  and  while  some  attempt  was  made 
to  study  several  of  the  forms,  particularly  those  applying  to  section  fore- 
man's material  reports,  adopted  by  the  Association,  nothing  conclusive 
was  determined  in  this  direction. 

Respectfully  submitted, 
H.   R.  Safford,  Vice-President,  Edgar  Allen  American  Manganese  Steel 

Company,  Chicago,  111.,  Chairman. 
H.  J.  Pfeifer,  Engineer  Maintenance  of  Way,  Terminal  Railroad  Associa- 
tion, St.  Louis,  Mo.,  V ice-Chairman. 
J.  M.  Brown,  District  Engineer,  Chicago,  Rock  Island  &  Pacific  Railway, 

Davenport,  la. 
M.   C.  Byers,  Chief  Engineer,   St.  Louis  &   San   Francisco   Railroad,   St. 

Louis,  Mo. 
T.  H.  Gatlin,  Engineer  Maintenance  of  Way,  Southern  Railway,  Knox- 

ville,  Tenn. 
C.  H.  Gerber,  Consulting  Engineer,  Omaha,  Neb. 
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Edward   Gray,   Engineer   Maintenance    of   Way,    Southern    Railway,    St. 
Louis,  Mo. 

E.  E.  Hanna,  Division  Engineer,  Missouri  Pacific  Railway,  Aurora,  Mo. 

Henry  Lehn,  Maintenance  of  Way  Accountant,   New   York   Central   & 
Hudson  River  Railroad,  New  York,  N.  Y. 

Thos.  Maney,  General  Roadmaster,  Louisville  &  Nashville  Railroad,  Lou- 
isville, Ky. 

J.    H.    MiLBURN,   Chief   Draftsman,    Baltimore    &    Ohio    Railroad,    Balti- 
more, Md. 

C.  W.  PiFER,  Roadmaster,  Illinois  Central  Railroad,  Clinton,  111. 

W.  H.  Sellew,  Principal  Assistant  Engineer,  Michigan  Central  Railroad, 
Detroit,  Mich. 

J.    E.   Turk,   Superintendent,    Philadelphia    &    Reading    Railway,    Tama- 
qua,  Pa. 

R.  W,  Willis,  Engineer,  Missouri  District,  Chicago,  Burlington  &  Quincy 
Railroad,  St.  Louis,  Mo. 

Committee. 
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pile,  8,'';xl3M  inches  (Approximately). 


Eihibii    'B" 

A.  B.  &  C.  R.  R.  CO. 


Building  ] 

Proposed  Form  for  Estimates  for-j  Bridge  ^Construction 

Water  Service  J 


Authority  No.. 


Estimate  of  Cost  of^. 
Prepared 


.By. 


Estimate  must  be  itemiied  under  the 

various  headings  shown 

>n  back  of  sheet. 

Items 

Labor 

Material 

Toul 

Quantity 

Unit  Cost      1 

Total 

Total 

_ 

_ 

Cost  of  Reproducing  Abandoned  Facili 


Distribution  of  Cost: 

To  Maintenance  or  Operation.- 
To  Betterment.. 


TO  tiettermeni 

To  Outside  Companies  or  Individuals.. 
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Revene  Side  of  Form  Propoted  for  Estimate  for  Building  Coiutruetion. 
BUILDING   ESTIMATE 


Items 

Details 

1.    Preparation  of  Site. 

Grading,  Removal  of  Buildings,  etc. 

2.    Foundation. 

Excavation,  and  Foundation  material  in  place.— 

3,    Body 
Brick 
Steel 
Concrete 
Framework 

All  material  in  place,  comprising  the  frame  work  of  the  building  except  items  listed 
seiJarately. 

4.    Platforms  and  Side- 
walks. 

Airplatforms  either  attached  or  built  in  connection  with  building.    Give  separate  estimates 
for  each  type,  where  more  than  one  is  to  be  used. 

5.   Driveways. 

Give  separate  estimates  for  each  type  where  more  than  one  type  is  used. 

6.   Flooring. 

Cost  of  materials  above  joists. 

7.   Plastering. 

Including  lathing. 

.8.   Painting  and  Decorat- 
ing. 

Interior  and  Exterior  painting  and  glazing. 

9.   Fire  Protection. 

10.   Lighting. 

11.   Hardware. 

12.   Heating. 

13.   Water  Supply. 

All  expense  of  Water  Supply  outside  of  building  proper. 

14.   Plumbing. 

15.   Sewerage. 

All  expense  of  Sewerage  outside  of  building  proper. 

16.    Roofing. 

All  materials  in  place  above  Sheathing. 

17.   Guttering  and  Down- 
spouts. 

18.    Furniture. 

19.   Scales. 

20.   Elevators  and   Con- 
veying Facilities. 

"^- 

^ 

i 

i 

CredilB 

Covering  Salvage  and  to  b«  llemlted  at  above. 
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E.hibil   "D" 
Keverse  Side  of   Propoied   Form   for  Estimate*  for  Bridget. 


Items 

Details 

1.   Additional  Land. 

Real  Estate,  Easements. 

2.   Foundation. 

Excavation,  Altering  Existing  Structure,  Sheet  Piling,  Coffer  Dam,  Piling 
and  Grillage,  all  expense  to  prepare  for  Footing. 

3.    Substructure. 

Masonry  Footings,  Pile  Piers,  Masonry  Piers,  Steel  Piers, 

4.   Superstructure. 

Steel  Erection,  Decking,  Painting. 

Masonry  Arches,  Water  Proofing,  Reinforcing. 

Iron,  Concrete  and  other  types  of  Culvert  Pipe. 

5.    Filling  and  Back  Filling  and 
Cleaning. 

6.  Train  Service. 

7.   Miscellaneous. 

8.    Engineering  and  Train  Service. 

- 

-■ 

-- 

Credits 
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Exbibil   "E" 

Reverse  Side  of  Proposed  Form  for  Estiinate  for  Water  Service  Construction. 


Items 

Details 

1.    Rieht-of-Way. 

Easement,  Water  Right. 

2.   Grading.                              _ 

Clearing,  Excavation  Trenching,  Back  Filling. 

3.    Fencing. 

4.   Telephone. 

Line,  Instruments. 

S.    Bridges  and  Structures. 

Dams,  Wells,  Tanks  or  Stand  Pipes,  Water  Column. 
Softeners,  Filter. 

Wind  Mill,  Track  Pan,  Power  House,  Outbuildings,  Pumper's  Dwelling, 
Pipe  Lines. 

6.    Machinery. 

Boilers,  Engines,  Motors,  Pumps. 

7.   Transportation. 

Men  and  Materials. 

8.    Engineering. 

9.   General  Expense. 

' 

^^ 

trcdil', 

DISCUSSION. 

(The  report  of  the  Committee  on  Records  and  Accounts  was  pre- 
sented by  the  Chairman,  Mr.  H.  R.  Safford.) 

Mr.  H.  R.  Safford: — The  work  assigned  to  us  this  year  was:  First, 
the  design  of  form  for  keeping  sidetrack  records ;  second,  to  continue  the 
study  of  estimate  forms ;  third,  revision  of  the  Manual,  and,  fourth, 
recommendations  for  next  year's  work.  In  brief  the  Committee  feels  that 
the  most  important  of  these  items  was  the  preparation  of  the  form  for 
sidetrack  records.  The  Committee  felt  that  this  was  a  matter  which  had 
not  been  given  a  great  deal  of  attention  by  railroads  in  general,  and  that 
fact  was  confirmed  by  inquiries  which  we  made,  which  resulted  in  practi- 
cally no  responses,  indicating  that  railroads  had  established  no  well-defined 
forms  for  that  purpose.  Certainly  the  matter  of  keeping  careful  and  com- 
pleted sidetrack  records  is  just  as  important  as  keeping  main  track 
records,  because  it  is  an  asset  of  the  same  kind  and  represents  a  great  deal 
of  value.  Opposite  page  192  of  the  Bulletin  appears  a  copy  of  the  form 
the  Committee  has  prepared  after  a  great  deal  of  discussion,  and  we  feel 
that  it  meets  all  possible  conditions.  On  page  186  appears  a  brief  descrip- 
tion of  how  this  record  is  to  be  kept  and  maintained,  the  idea  being  to 
make  this  on  tracing  paper,  have  it  corrected  annually  and  kept  in  the 
local  office,  and  blueprints  taken  from  time  to  time  as  may  be  desired,  to 
be  subm.itted  to  the  various  offices  of  the  system  who  need  such  a  record. 
I  believe  the  form  is  clear  in  its  outline  and  needs  very  little  explanation, 
and  for  the  purpose  of  getting  the  matter  before  the  Association  for 
action,  I  move  the  adoption  of  the  form  for  sidetrack  records  as  proposed. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis): — I 
would  like  to  ask  the  Committee  whether  they  gave  consideration  to  the 
question  of  groups,  of  large  yard  groups.  Is  it  the  intention  that  each 
track  in  a  group  shall  be  placed  on  this  blank,  or  are  they  to  be  treated  as 
groups  on  the  blank? 

Mr.  Safford : — The  idea  was  that  a  condition  of  that  kind  can  be  listed 
a.=  a  group.    We  could  not  individualize  with  every  track  in  a  large  yard. 

Mr.  McDonald : — Is  this  intended  more  for  industrial  tracks  ? 

Mr.  Saft'ord : — It  is  intended  to  be  a  record  of  all  sidetracks  that  may 
be  considered  as  individual  tracks  or  in  an  isolated  location.  It  is  not 
intended  to  cover  groups,  that  is,  each  separate  track  should  not  have  a 
place  in  the  report. 

Mr.  C.  H.  Spencer  (Washington  Terminal  Company): — I  would  like 
to  ask  the  Committee  whether  in  getting  up  this  record  they  referred  to 
the  sidetrack  as  defined  in  the  revision  of  the  Manual  and  adopted  by  this 
Association  last  year  as  a  specific  definition  of  sidetrack? 

Mr.  Safford: — Yes;  that  is  consistent  with  that  definition. 

422 
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Mr.  G.  D.  Brooke  (Baltimore  &  Ohio)  :— There  is  one  omission  that  I 
would  like  to  see  taken  care  of.  Nearly  all  private  sidings  are  covered 
Ly  agreements,  and  this  would  be  a  convenient  place  for  filing  reference 
to  them. 

Mr.  Safford :— Column  9  covers  it.  It-should  be  "Contract  number" 
instead  of  "Construction  number." 

The  President: — That  will  be  corrected. 

(The  motion  carried.) 

Mr.  Safford:— The  next  is  "Water  Service  Estimate  Forms."  The 
Committee  secured  the  adoption  last  year  of  a  form  for  sidetrack  estimates 
and  general  estimates  in  connection  with  track  work  and  pursued  this 
study  to  the  conclusion  which  is  represented  by  the  forms  on  pages  190, 
igi,  192  and  193,  which  cover  bridge,  building  and  water  service  construc- 
tion. In  the  design  of  these  forms  we  could  not  undertake  to  provide  a 
printed  list  of  all  the  items  that  went  into  the  construction  of  bridges, 
buildings  and  water  service.  So  we  felt  that  we  should  not  go  further 
than  to  recommend  a  blank,  showing  the  proper  columns  for  labor  and 
material  unit  cost,  and  so  forth,  proper  identification  of  plan  and  other 
features  that  would  appear  on  such  a  form,  and  on  the  back  of  that 
form  give  a  brief  outline  of  the  principal  items  that  form  that  construc- 
tion, merely  as  a  guide  to  the  person  making  the  estimate.  We  could 
think  of  innumerable  sub-headings  under  each  of  these  subjects,  but  we  felt 
that  that  was  unnecessary,  because  construction  varies  so  greatly;  so  for 
that  reason  we  feel  that  we  should  be  somewhat  brief  and  somewhat  gen- 
eral as  far  as  that  feature  is  concerned,  and  these  pages  will  show  the 
extent  of  our  study.  For  the  purpose  of  getting  it  before  the  Associa- 
tion I  move  the  adoption  of  the  forms  shown  on  pages  190  to  193  inclu- 
sive. P'orm  190  is  a  common  form  for  all  three  subjects.  It  was  not 
necessary  to  duplicate  the  form  for  each  service.  I  might  add  that  in  the 
design  of  the  forms,  particularly  the  one  on  page  190,  we  have  been  ab- 
solutely consistent  with  the  forms  adopted  for  sidetrack  headings. 

Mr.  George  W.  Kittredge  (New  York  Central  &  Hudson  River)  :— On 
page  193,  the  9th  item  is  "General  Expense."  I  would  like  to  ask  for  some 
explanation  of  that. 

Mr.  Safiford : — That  was  really  intended  to  mean  a  general  heading  for 
what  might  follow  in  the  way  of  miscellaneous  items  that  were  not 
listed.  The  classification  of  the  things  that  are  ordinarily  met  in  estimates 
of  that  kind  appear  in  items  i  to  8.  From  that  point  on,  it  is  miscellaneous 
that  we  did  not  feel  like  listing  in  detail. 

Mr.  Kittredge:— I  was  wondering  why  it  did  not  appear  in  the  other 
blanks. 

Mr.  SafFord: — It  should  have  appeared  in  the  others.  That  was  an 
oversight. 

The  President:— The  Committee  will  add  that  to  the  blanks  in  which 
it  docs  not  now  appear. 

Mr.  Kittredge: — On  page  192,  "Engineering"  and  "Train  Service"  are 
grouped  together  in  article  8,  while  in  article  6,  the  articles  "Train  Serv- 
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ice"  is  given  again.     Is  there  some  special  kind  of  engineering  and  train 
service  covered? 

Mr.  Safford : — Tliat  is  another  typographical  error. 
The  President : — "And  train  service"  will  be  omitted. 

Mr.  Brooke: — I  suggest  "Miscellaneous  Expense"  instead  of  "Gen- 
eral Expense"  on  page  193. 

The  President: — That  is  acceptable  to  the  Committee. 

(The  motion  carried.) 

Mr.  Safford : — That  practically  covers  the  v^^ork  of  the  Committee  on 
the  subject  of  revision  of  the  Manual.  We  did  not  undertake  any  de- 
tailed study.  There  are  one  or  two  features  that  we  considered,  but  we 
felt  that  the  subject  of  the  study  of  the  Manual  should  take  the  Commit- 
tee's whole  time. 

The  President: — If  there  is  no  further  discussion  on  the  report,  the 
Committee  will  be  relieved  with  the  thanks  of  the  Association. 


REPORT  OF  COMMITTEE  XVII.— ON  WOOD  PRESER- 
VATION. 

(Bulletin  131.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

The  Board  of  Direction   has  assigned   the   following  topics   to  your 
Committee: 

(i)     Consider  revision  of  Manual;  if  no  changes  are  recommended, 
make  statement   accordingly. 

(2)  Extend  specifications  for  timber  tieatment  to  include  Rueping, 
Lowry  and  other  widely  used  processes. 

(3)  Continue  investigation  of  proper  grouping  of  different  timbers 
for  antiseptic  treatment. 

(4)  Present  specifications  for  timber  and  piles  intended  for  treat- 
ment. 

(5)  Make  concise   recommendations   for  next  year's   work. 
Your  Committee  held  three  meetings  during  the  year  as  follows: 
Madison,  Wis.,  Forest  Products  Laboratory,  June  4,   1910.     The  fol- 
lowing were  present :     W.  K.  Hatt,  Chairman ;  V.  K.  Hendricks,  G.   M. 
Davidson,  W.  Buehler,  E.  H.  Bowser,  A.  L.  Kuehn,  H.  F.  Weiss,  H.  Von 
Schrenk. 

Chicago,  III.,  office  of  Secretary,  October  21,  1910.  The  following 
were  present:  W.  K.  Hatt,  Chairman;  A.  L.  Kuehn,  E.  H.  Bowser, 
G.  E.  Rex,  V.  K.  Hendricks,  H.  F.  Weiss,  W.  Buehler,  E.  A.  Sterling, 
G.  M.  Davidson,  by  Mr.  Fisher;  H.  M.  Newton,  Kettle  River  Company. 

Chicago,  111.,  office  of  Secretary,  January  17,  18,  191 1.  The  following 
were  present :  W.  K.  Hatt,  Chairman ;  E.  H.  Bowser,  V.  K.  Hendricks, 
E.  A.  Sterling,  Earl  Stimson,  H.  Von  Schrenk,  G.  M.  Davidson,  by  Mr! 
Fisher;  W.  Buehler,  by  H.  M.  Newton;  G.  E.  Rex,  H.  F.  Weiss,  E.  Bate- 
man,   Forest   Products   Laboratory. 

At  the  first  meeting  the   following   sub-committees    were   appointed: 

Sub-Committee  "A"— Revision  of  Manual : 

Octave   Chanute,   Chairman ; 
V.  K.  Hendricks, 

G.  M.  Davidson,  , 

Walter  Buehler. 
425 
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Sub-Committee  "B" — on    Specifications    for   New    Processes : 
V.   K.   Hendricks,   Chairman; 
A.  L.  Kuehn, 
E.   H.   Bowser, 
G.  E.  Rex, 
W.   Buehler, 
E.  Stimson, 
H.   F.  Weiss. 

Sub- Committee  "C" — on  Grouping: 

H.  F.  Weiss,  Chairman ; 
Octave  Chanute, 
E.  A.   Sterling, 
A.  L.  Kuehn. 

Sub-Committee  "D" — on  Specifications  for  Timber  and  Piling: 
Hermann  Von  Schrenk,  Chairman  ; 
L.   Bush, 

W.  H.  Courtenay, 
W.  K.  Hatt. 

Sub-Committee  "E" — on  Statistics  : 

Octave  Chanute,  Chairman ; 

W.  H.  Courtenay, 

E.  A.  Sterling. 
Sub-Committee  "F" — on  Track  Scales  for  Weighing  Ties : 

Hermann  Von  Schrenk,  Chairman ; 

Earl    Stimson. 

The  Committee  has  suffered  a  severe  loss  in  the  deaths  of  Octave 
Chanute  and  S.  M.  Rowe,  who  have  been  members  of  the  Committee 
since  its  creation  by  the  Board  of  Direction,  and  who  have,  by  their 
active  services  and  wise  counsel,  added  so  greatly  to  the  value  of  the 
work  of  the  Committee.  The  Committee  at  its  meeting  of  January  \^ 
passed  a  resolution  deploring  the  loss  of  these  fellow-workers,  and 
expressing  its  appreciation  of  their  contributions  to  the  science  and  art 
of  wood  preservation,  and  of  their  high  professional  spirit  in  putting 
their  information  and  judgment  at  the  disposal  of  the  public. 

REVIEW  OF  REPORT  OF  1909. 

The  specifications  for  treatment  of  ties  were  thoroughly  revised  and 
prepared  for  insertion  in  the  Manual. 

Seven  additions  to  the  recommended  practice  of  the  Association 
were    recommended. 

In  addition  to  the  statistics  relating  to  wood  preservation,  a  report 
of  inspection  of  the  ties  laid  in  the  Texas  track  was  presented. 

A  beginning  was  made  of  the  work  of  investigating  other  preserva- 
tives than  coal-tar  creosote  and  zinc  chloride,  and  mention  was  made 
of  certain  test  tracks  of  which  records  are  becoming  available. 
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A  long  report  of  the  strength  of  creosoted  and  Burnettized  timber 
recorded  the  available  data  and  drew  conclusions  as  to  its  strength. 

The  fundamental  considerations  underlying  the  seasoning  and  group- 
ing of  timber  intended  for  treatment  were  investigated  and  records  of 
the  dry  weight  of  wood  and  ties  tabulated^ 

A  report  presented  a  classification  of  the  rot-producing  fungi,  and 
a  description  of  the  rotting  pit  at  Stendal,  Germany. 

REPORT  FOR  1910-1911. 

REVISION    OF    MANUAL. 

The  report  of  the  Sub-Committee  on  Revision  of  Manual  is  repro- 
duced in  Appendix  A.  Certain  changes  have  been  recommended  in  the 
specifications  for  creosote  oil,  which  are  summarized  as  follows : 

Paragraph  i.  The  definition  of  creosote  oil  restricts  its  origin  to 
coal  tar,  and  allows  an  admixture  of  refined  coal  tar  to  the  creosote  oil. 

Paragraph  2.  Fixes  the  per  cent,  of  insoluble  matter  at  2  per  cent. 
This  is  necessary  to  control  the  amount  of  free  carbon  in  the  oil  when 
coal  tar  is  added  thereto. 

Paragraph  3.  Places  an  upper  limit  of  1. 10  on  the  specific  gravity. 
This  limit  is  placed  arbitrarily.  Inasmuch  as  the  gravity  of  oil  for  paving 
blocks  has  been  fixed  at  from  i.io  to  1.15,  it  would  seem  that  the  oil 
for  treatment  of  ties  and  timbers  should  not  have  any  higher  gravity 
than  the  paving-block  oil.  As  experience  develops,  it  will  be  possible, 
later,  to  intelligently  fix  a  limit  of  the  amount  of  refined  coal  tar  that 
may  be  mixed  with  creosote  oil  without  affecting  the  viscosity  to  an 
extent  that  will  prejudice  the  penetration. 

After  some  discussion,  the  statement  of  the  per  cents,  of  the  various 
fractions  was  kept  at  the  present  standard. 

In  paragraph  5  it  is  specified  that  the  fraction  between  210  and  255°  C. 
shall  deposit  naphthalene  salts  on  cooling,  and  the  fraction  between  315 
and  355°  C.  shall  yield  solids  on  cooling.  The  demand  that  the  oil 
shall  not  show  any  evidence  of  decomposition  as  indicated  by  the 
presence  of  dense  white  fumes  in  the  condenser  is  intended  to  guard 
against  adulteration  from  water-gas  tar. 

The  Committee  recommends  an  additional  paragraph  to  the  recom- 
mended practice  providing  for  accurate  tests  of  the  life  of  ties,  in 
an  especially  selected  and  carefully  inspected  test  track.  While  it  is 
thought  that  the  use  of  the  dating  nail  in  each  tie  is  justified  by  its 
educative  value  to  trackmen  and  others,  yet  the  accurate  determination 
of  the  relative  life  of  ties,  and  their  behavior  under  service,  demands  a 
more  careful  supervision  at  the  hands  of  trained  assistants  than  is  possible 
under  the  present   system. 

The  Sub-Committcc  for  piles  and  timber  to  be  treated  proposes  an 
addition  to  recommended  practice  providing  for  the  framing  of  timbers 
before  treatment. 
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SPECIFICATIONS   FOR    NEW   PROCESSES. 

The  Sub-Committee  on  Specifications  for  New  Processes  reports 
that  it  is  impracticable  to  write  specifications  for  patented  processes.  They 
have,  therefore,  obtained  from  the  persons  in  control  of  such  processes 
an  accurate  description  of  the  method  of  conducting  them.  These  have 
been  agreed  to  by  those  interested.  The  Committee  recommends  that 
these  be  printed  as  information,  as  found  in  Appendix  B. 


The  Sub-Committee  on  Grouping  presents  a  progress  report  in  Ap- 
pendix C. 

SPECIFICATIONS    FOR    PILES    AND    TIMBER    TO    BE   TREATED. 

The  Sub-Committee  presents  a  draft  of  such  specifications  in  Appen- 
dix D.  The  present  standard  specifications  of  the  Association  have  been 
followed,  as  far  as  possible,  except  that  sap  restrictions  have  been 
removed.  With  the  endeavor  to  call  the  attention  of  the  mill  men  to 
the  desire  of  the  consumer  to  obtain  material  with  a  large  amount  of 
sap,  rather  than  all  heart  pieces,  the  statement  is  made  in  the  specifica- 
tions that  sap  wood  is  to  be  preferred.  The  reasonable  exception  is  that 
this  change  would  operate  to  reduce  the  cost  of  material. 

An  endeavor  has  been  made  to  eliminate  the  coarser  varieties  of 
such  species  as  Loblolly  Pine  by  specifying  a  lower  limit  of  rings  per 
inch.  It  is  realized  that  this  limit  will  vary  with  the  conditions  with 
reference  to  the  timber  supply  of  railroads  in  different  geographical 
districts,  and  also  with  the  policy  of  the  railroad  in  the  use  of  timber 
structures  under  main  line  traffic. 

These  specifications  are  presented   for  discussion. 

STATISTICS. 

The  statistics  with  reference  to  the  use  of  wood  are  presented 
in  Appendix  E. 

TRACK    SCALES    FOR    WEIGHING    TIES. 

The  specifications  adopted  last  year  for  tie  treatment  provided  for 
the  occasional  weighing  of  buggy  loads,  in  and  out  of  the  cylinder.  The 
subject  of  track  scales  has  been  investigated  by  the  Sub-Committee,  whose 
report  appears  in  Appendix  F.  The  Sub-Committee  finds  that  track 
scales  for  weighing  ties  are  now  being  used  occasionally  in  treating  plants 
in  this  country  and  quite  generally  in  Europe.  It  recommends  that  a 
track  scale  be  installed  at  every  treating  plant  wherever  possible. 

STRENGTH     OF    TIES    TRE-^TED    WITH     CRUDE    OIL. 

Last  year's  report  on  Strength  of  Treated  Timber  mentioned  certain 
tests  of  ties  treated  with  crude  oil.  Subsequent  tests  on  the  same  ties 
are  reported  in  Appendix  G,  and  show  that  the  temporary  softening  of 
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the  surface   had  disappeared   upon   exposure,   but   that    the   reduction   of 
the  spike-holding  power  in  the  treated  ties  still  remains. 

ELECTRICAL    CONDUCTIVITY    OF    TREATED    TIES. 

The  Committee  presents  in  Appendix.  H  the  results  of  investigation 
of  the  passage  of  electrical  current  through  treated  and  untreated  ties 
of  various   species. 

CONCLUSIONS. 

(i)  That  the  revised  specifications  for  creosote  oil  be  adopted  for 
publication  in  the  Manual. 

(2)  That  the  two  paragraphs,  pp.  60  and  71,  recommending  the  se- 
lection of  a  section  of  track  for  testing  the  life  of  ties,  and  recommend- 
ing the  framing  of  timbers  before  treatment  be  added  to  the  recom- 
mended practice  of  the  Association. 

Respectfully  submitted, 

W.  K.  Hatt,  Professor  of  Civil  Engineering,  Purdue  University,  Lafayette, 

Ind.,   Chairman. 
W.    H.    CouRTENAY,    Chief    Engineer,    Louisville    &    Nashville    Railroad, 

Louisville,  Ky.,  Vice-Chairman. 
E.  H.  Bowser,  Chief  Timber  Inspector,  Illinois  Central  Railroad,  Mem- 
phis, Tenn. 
Walter    Buehler,    Consulting    Engineer,    Kettle    River    Company,    St. 

Louis,  Mo. 
Lincoln  Bush,  Consulting  Engineer,  New  York,  N.  Y. 
G.   M.   Davidson,   Chemist,   Chicago  &   Northwestern   Railway,   Chicago, 

111. 
George  E.  Rex,  Manager  Treating  Plants,  Atchison,  Topeka  &  Santa  Fc 

Railway,  Topeka,  Kan. 
V.  K.  Hendricks,  Office  Engineer,  St.  Louis  &  San  Francisco  Railroad, 

St.  Louis,  Mo. 
A.   L.   Kuehn,  General   Superintendent,   American   Creosoting   Company, 

Chicago,  111. 
E.  A.  Sterling,  Forester,  Pennsylvania  Railroad,  Philadelphia,   Pa. 
Earl  Stimson,  Chief  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio 

Railroad,   Baltimore,   Md. 
Hermann    von    Schrenk,    Supervisor    of    Timber    Preservation,    Rock 

Island,  Frisco  and   Chicago  &   Eastern  Illinois   Railways,   St    Louis 

Mo. 
Howard  F.   Weiss,  Forest  Service,  United   States   Department   of   Agri- 
culture, Madison,  Wis. 

Committee. 


Appendix    A. 

REPORT  OF  SUB-COMMITTEE  ON  REVISION  OF  MANUAL. 

AS    REVISED. 
STANDARD    SPECIFICATION    FOR    CREOSOTE    OIL. 

1.  The  creosote  oil  used  shall  be  defined  as  a  product  obtained  en- 
tirely from  coal  gas  or  coke-oven  tar,  containing  no  admixture  of  any 
tar,  oil  or  residue  obtained  from  petroleum  or  any  other  source,  except 
coal  gas  or  coke-oven  tar,  said  creosote  oil  fully  meeting  the  following  re- 
quirements : 

2.  It  must  be  completely  liquid  at  thirty-eight  (38)  degrees  C,  and 
not  more  than  two  (2)  per  cent,  of  the  water-free  oil  shall  be  insoluble 
in  chloroform  or  benzol. 

3.  The  specific  gravity  of  the  oil  at  thirty-eight  (38)  degrees  C.  must 
be  at  least  1.03,  and  should  not  exceed  i.io. 

It  shall  be  subject  to  a  distilling  test  as  follows: 

4.  The  sample  taken  for  analysis  shall  be  strictly  average  of  the 
whole  bulk  of  oil  to  be  tested.  The  oil  shall  be  completely  liquefied  and 
well  mixed  before  any  samples  are  taken.  Whenever  possible,  a  drip 
sample  of  not  less  than  two  gallons  shall  be  taken,  commencing  after  the 
oil  has  started  to  run  freely.  Where  this  cannot  be  done,  as,  for  instance, 
in  large  storage  tanks,  samples  shall  be  taken  from  various  depths  in  the 
tank  by  means  of  a  tube  or  bottle,  the  number  of  samples  depending  on 
local  conditions. 

For  taking  samples  during  the  process  of  treatment  a  sample  of  the 
oil  shall  be  taken  from  the  storage  tank  about  one  foot  from  the  bottom 
of  the  tank  before  the  cylinder  is  filled,  and  when  possible  a  sample  directly 
from  the  cylinder  during  the  process  of  treatment.  For  this  purpose  a 
thermometer  well,  as  shown  in  diagram,  may  be  used. 

The  sample  to  be  analyzed  shall  be  thoroughly  liquefied  by  heating  un- 
til no  crystals  adhere  to  a  glass  stirring  rod,  and  also  well  shaken,  after 
which  one-half  shall  be  taken  for  analysis  and  the  balance  reserved  as  h 
check  test. 

5.  The  apparatus  for  distilling  the  creosote  oil  shall  consist  of  a 
stoppered  glass  retort  similar  to  that  shown  in  diagram,  having  a  capacity 
as  nearly  as  can  be  obtained  of  eight  ounces  up  to  the  bend  of  the  neck 
when  the  bottom  of  the  retort  and  the  mouth  of  the  off-take  are  in  the 
same  plane.  A  nitrogen  filled  mercury  thermometer  of  good  standard 
make,  divided  into  full  degrees  centigrade,  shall  be  used  in  connection 
therewith,  placed  with  the  bulb  one-half  (J4)  in.  above  the  surface  of 
the   oil.      In   order   to  insure  uniform  results   for  comparative   purposes, 
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the  length  of  the  thermometer  bulb  shall  be  one-half  inch ;  but  in  no  case 
shall  a  thermometer  with  a  long  bulb  be  used.  The  bulb  of  the  retort  and 
at  least  2  in.  of  the  neck  shall  be  and  remain  covered  with  a  shield  of 
heavy  asbestos  paper,  shaped  as  shown  in  diagram,  during  the  entire  pro- 
cess of  distillation,  so  as  to  prevent  heat  radiation,  and  between  the  bottom 
of  the  retort  and  the  flame  of  the  lamp  or  burner  two  sheets  of  wire  gauze, 
each  20-mesh  fine,  and  at  least  6  in.  square,  shall  be  placed. 

The  flame  shall  be  protected  against  air  currents.  An  ordinary  tin 
can,  from  which  a  portion  of  the  bottom  and  all  of  the  top  have  been  re- 
moved, placed  on  a  support  attached  to  the  burner,  as  shown  in  diagram, 
will  answer  the  purpose. 

6.  Before  beginning  the  distillation  the  retort  shall  be  carefully 
weighed  and  exactly  one  hundred  grammes  of  oil  placed  therein,  the 
same  being  weighed  in  the  retort.  The  thermometer  shall  be  inserted 
in  the  retort  with  the  lower  end  of  the  bulb  one-half  inch  from  the 
surface  of  the  oil  and  the  condensing  tube  attached  to  the  retort  by  a 
tight  cork  joint.  The  distance  between  the  bulb  of  the  thermometer  and 
the  end  of  the  condensing  tube  shall  not  be  less  than  20  nor  more  than 
24  in.,  and  during  the  progress  of  the  distillation  the  thermometer  shall 
remain  in  the  position  originally  placed. 

The  distillate  shall  be  collected  in  weighed  bottles  and  all  fractions 
determined  by  weight  on  the  basis  of  the  dry  weight  of  the  oil.  Reports 
shall  be  made  on  the  following  fractions : 

o  to  170  degrees  Centigrade. 

170  to  200  degrees  Centigrade. 

200  to  210  degrees  Centigrade. 

210  to  235  degrees  Centigrade. 

235  to  270  degrees  Centigrade. 

270  to  315  degrees  Centigrade.' 

315  to  355  degrees  Centigrade. 

Residue  above  355  degrees  Centigrade. 

Reports  shall  be  made  on  individual  fractions.  In  making  such  reports 
it  is  to  be  distinctly  understood  that  these  fractions  do  not  necessarily 
refer  to  individual  compounds.  In  other  words,  the  fraction  between  210 
and  235  degrees  will  not  necessarily  be  all  naphthalene,  but  will  probably 
contain  a  number  of  other  compounds. 

The  distillation  shall  be  a  continuous  one,  and  at  the  rate  of  one  or 
two  drops  per  second. 

When  any  measurable  quantity  of  water  is  present  in  the  oil,  the 
distillation  shall  be  stopped,  the  oil  separated  from  the  water  and  returned 
to  the  retort,  when  the  distillation  shall  be  recommenced  and  the  previous 
readings  discarded.  In  obtaining  water-free  oil,  it  is  desirable  to  free  about 
300  to  600  cc.  of  the  oil  by  using  a  large  retort  and  using  100  grammes 
of  the  water-free  oil  for  the  final  distillation.  In  the  final  report  as  to 
fractions,  a  correction  shall  be  made  of  the  amount  of  water  remaining, 
so  that  the  report  may  be  made  on  the  basis  of  a  dry  oil. 
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Tested  in  the  above  manner,  it  shall  give : 
No  distillate  up  to  200  degrees  C. 
Less  than  5  per  cent,  up  to  210  degrees  C. 
Less  than  25  per  cent,  up  to  235  degrees  C. 

7.  The  distillate  between  210  and  235  degrees  C.  shall  deposit 
naphthalene  salts  on  cooling  to  room  temperature  (20  degrees  C).  The 
distillate  between  315  and  355  degrees  C.  shall  yield  solids  on  cooling  to 
room  temperature.  During  distillation,  the  oil  shall  not  show  any  evi- 
dence of  decomposition,  as  indicated  by  the  presence  of  dense  white  fumes 
in  the  condenser. 

8.  The  oil  shall  not  contain  more  than  three   (3)  per  cent,  of  water. 

9.  In  order  to  determine  the  specific  gravity  of  any  oil,  simply  heat 
the  oil  in  a  water  bath  until  it  is  completely  liquid.  A  glass  stirring  rod 
dipped  into  the  liquid  should  show  no  solid  particle  on  the  rod  when  the 
same  is  withdrawn  from  the  oil.  When  completely  liquid,  stir  thoroughly 
and  fill  the  hydrometer  cylinder,  which  has  previously  been  warmed.  Insert 
a  specific  gravity  hydrometer  of  good  make,  taking  care  that  the  hydrom- 
eter does  not  touch  the  sides  or  bottom  of  the  cylinder  when  the  reading 
is  taken.  This  reading  should  preferably  be  taken  when  the  oil  is  at  38 
degrees  Centigrade  (100  degrees  Fahrenheit),  because  at  this  temperature 
almost  all  oils  are  completely  fluid.  Where  contract  requirements  specify 
a  specific  gravity  at  a  different  temperature,  such  gravity  is  obtained  by 
multiplying  .0008  by  the  number  of  degrees  Centigrade,  or  .00044  by  the 
number  of  degrees  Fahrenheit,  the  oil  is  found  to  be  above  the  temperature 
required  by  the  contract,  and  adding  the  product  to  the  observed  gravity. 

The  following  discussion  of  the  preceding  specification  indicates 
the  reasons  for  recommending  the  specification  as  revised,  the  numbering 
referring  to  the  corresponding  numbers  in  the  specification : 

Paragraph  i.  The  preamble  specifies  clearly  the  same  kind  of  oil 
as  is  allowed  under  the  previous  standard,  including  all  sources  that 
are  allowed  under  it,  and  excluding  everything  that  is  there  excluded. 
However,  one  or  two  objections  to  the  previous  form  are  entirely  avoided. 
The  previous  standard  admits  of  using  only  high-grade  coal-tar  creosote, 
or,  in  other  words,  such  oil  as  is  derived  by  the  distillation  of  coal- 
gas  tar  or  coke-oven  tar.  It  admits  of  the  admixture  of  no  other  oil 
from  any  source  whatever,  nor  of  any  other  tar  except  coal  tar.  Since 
it  is  permissible  to  add  to  the  creosote  a  small  proportion  of  such  coal 
tar  as  is  low  in  carbon,  it  is  believed  more  proper  and  preferable  to  state 
that  "the  creosote  oil  shall  be  definite  as  a  product  obtained  entirely 
from,"  etc.,  instead  of  saying  that  "it  must  be  a  pure  product  of  coal-tar 
distillation." 

Paragraph  2.  No  commercial  creosote  used  for  wood  preservation 
is  entirely  free  from  insoluble  matter.  It  is  well  known  that  where  an 
oil  is  used  repeatedly  in  the  treatment  of  successive  charges  of  ties  or 
timber,  there  occurs  a  constant  accumulation  of  insoluble  matter.  It  is 
hardly  necessary  to  state  that  in  placing  the  limit  of  2  per  cent,  on  insoluble 
matter,   no   new   departure   is    contemplated.     It    is   merely   one   step   in 
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writing  a  specification,  the  requirements  of  which  will  be  definitely  stated 
and  serve  as  nearly  as  possible  to  enforce  the  oil  specified. 

Paragraph  3.  In  order  to  guard  against  such  unduly  heavy  oils 
as  are  unsuited  to  the  treatment  of  ties  and  timbers,  there  should  be 
a  definite  maximum  limit  on  the  specific  gravity  of  oil  allowed.  This 
is  just  as  important  as  a  low  limit,  and  is  thoroughly  in  accord  with 
the  practice  abroad.  The  standards  used  abroad  are  limited  pretty  gen- 
erally to  1.08  at  25  or  38  degrees  C.  In  this  country,  it  is  almost 
unanimously  agreed  that  i.io  specific  gravity  at  20  or  25  degrees  C.  is 
quite  heavy  enough  for  use  on  paving  blocks.  In  the  treatment  of  ties  and 
timber,  where  depth  of  penetration  is  of  greater  importance  than  increased 
resistance  to  absorption  of  moisture,  the  oil  should  certainly  be  decidedly 
lighter  than  a  paving  oil. 

Your  Committee  acknowledges  the  valuable  services  rendered  in  the 
preparation  of  this  specification  by  Mr.  H.  M.  Newton,  Chief  Chemist, 
The  Kettle  River  Company,  and  Mr.  Ernest  Bateman,  Chemist,  Forest 
Products  Laboratory. 

USE    OF    TIE-DATING    NAILS. 

For  the  purposes  desired  in  connection  with  the  work  of  the  Wood 
Preservation  Committee,  the  insertion  of  dating  nails  in  all  ties  and  the 
keeping  of  a  record  of  the  life  of  all  ties  is  believed  to  be  unnecessary,  as, 
in  the  first  place,  accurate  records  of  all  ties  cannot  be  obtained  on  account 
of  depending  on  the  various  section  foremen  for  the  information.  Such 
a  practice  also  entails  a  very  considerable  expense  for  dating  nails, 
applying  same  and  keeping  records,  which  expense  is  considered  unneces- 
sary. Furthermore,  it  is  considered  desirable  to  keep  record  of  the 
information  in  more  detail  than  would  be  practicable  if  a  record  were 
kept  of  all  ties  used,  it  being  desirable  that  the  records  should  show 
not  only  the  process  of  treatment,  but  should  also  indicate  the  kind  of 
wood  in  each  case  and  the  details  of  the  particular  treatment  for  the 
individual  ties. 

For  the  purposes  of  the  Wood  Preservation  Committee,  therefore, 
it  is  recommended  that  paragraph  12  in  the  Revised  Manual  be  supple- 
mented by  the  following: 

12.  For  best  results  it  is  recommended  that  certain  sections  of  track 
be  selected  on  each  railroad  for  the  purpose  of  making  accurate  tests 
covering  the  life  of  treated  and  untreated  ti€s  of  various  kinds  of  tim- 
ber and  under  various  treatments,  and  that  an  accurate  record  be  kept 
of  the  life  of  all  ties  in  these  test  sections  of  track  in  order  to  be  able 
hereafter  to  improve  on  the  treatment.  All  ties  inserted  in  such 
test  sections  shall  be  marked  with  dating  nails,  and,  if  necessary,  with 
other  identification  marks. 

GENERAL    REMARKS. 

It  is  not  seen  fit  to  make  any  further  changes  in  the  Manual  than 
those  listed  above,  except  that  the  term  "creosote  oil"  shall  be  used  in 
^11  cases  in  preference  to  "coal-tar  creosote,"  "coal  tar"  or  "dead  oil,"  etc. 


Appendix  &. 

REPORT  OF  SUB-COMMITTEE  ON   "SPECIFICATIONS." 

The  instruction  of  the  Board  of  Direction  to  the  Committee  on 
Wood  Preservation  provides  that  it  shall  "extend  specifications  for  timber 
treatment  to  include  Rueping,  Lowry  and  other  widely  used  processes." 
After  careful  consideration  and  discussion,  the  Sub-Committee  makes 
the  following  recommendations : 

(i)  That  no  mention  should  be  made  in  the  Manual  of  any  patented 
process,  but  that  the  descriptions  be  published  in  the  Proceedings  of  the 
Association. 

(2)  That  it  is  not  desirable  to  prepare  "specifications"  covering 
patented  processes;  "descriptions"  have  therefore  been  substituted  m 
place  of  "specifications." 

(3)  That  the  descriptions  of  the  various  patented  processes  shall 
be  purely  descriptions  of  the  process,  and  shall  not  contain  claims  as  to 
the  efficiency  of  the  treatment. 

(4)  That  the  Allardyce  process,  being  not  patented  and  practically 
conforming  to  the  "Two-Injection  Zinc  Creosote  Treatment,"  as  now 
covered  in  the  Manual,  should  not  be  duplicated  in  this  report,  and  the 
term  "Two-Injection  Zinc  Creosote  Treatment"  should  be  used  in  the 
Manual   as   heretofore. 

With  these  points  in  mind,  the  following  descriptions  of  various 
widely  used  processes  are  submitted: 

These  descriptions  are  submitted  by  the  patentees  as  properly  covering 
their  processes.  The  Committee  assumes  no  responsibility  in  the  matter, 
except  that  it  believes  each  description  represents  with  reasonable  correct- 
ness the  process  as  actually  practiced. 

DESCRIPTION    OF    THE    CARD    PROCESS. 

This  process  is  covered  by  Patent  No.  815404,  dated  March  20,  1906, 
issued  to  J.  B.  Card. 

(i)     Timber  to  be  thoroughly  air  seasoned. 

(2)  Vacuum  of  from  22  inches  to  26  inches  for  one  hour. 

(3)  Liquid  admitted  at  temperature  of  not  less  than  180  degrees 
and  a  pressure  of  125  lbs.  per  sq.  in.  obtained  and  held  from  three  to 
five  hours. 

(4)  Final  vacuum  to  dry  off  ties. 

Solution. 

Usually  80  per  cent,  of  the  solution  of  chloride  of  zinc. and  20  per 
cent,  of  creosote  oil.  The  chloride  solution  sliall  be  of  sufficient  strength 
to  allow  an  average  of  ^  lb.  of  dry  chloride  of  zinc  to  be  injected  into 
the  wood. 
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Mixing  the  Solution. 

In  order  to  keep  the  chloride  of  zinc  solution  and  creosote  oil  thor- 
oughly mixed  during  the  process  of  treatment,  it  is  first  agitated  in 
the  measuring  tank  by  forcing  air  through  pipes  into  the  liquid.  When 
thoroughly  mixed,  it  is  admitted  to  the  cylinder,  and  there  continually 
agitated  by  a  centrifugal  pump  drawing  the  liquid  from  the  top  of  the 
cylinder  at  three  points — the  center,  and  each  end.  After  passing  into  the 
centrifugal  pump,  the  liquid  is  discharged  through  a  pipe  which  lies 
along  the  full  length  of  the  bottom  of  the  cylinder,  and  is  perforated 
throughout  its  length.  This  pump  should  handle  about  1,500  gallons  a 
minute. 

If  it  is  desired  to  treat  material  that  is  not  fully  seasoned,  a  previous 
steaming  can  be  used  the  same  as  in  any  other  process.  The  only  differ- 
ence between  this  and  other  full-cell  processes  is  the  agitating  of  the 
liquid  to  keep  the  two  constituents  mixed. 

DESCRIPTION    OF    THE   LP  WRY  J^ROCESS. 

This  process  is  covered  by  Patent  No.  831450,  issued  to  C.  B.  Lowry 
under  date  of  September   18,   1906. 

Air-seasoned  timber  of  the  same  species,  density  and  moisture  content 
is  loaded  on  tram  cars  and  placed  within  the  retort.  The  retort  is  then 
tilled  from  the  charging  tank  with  creosote  oil  at  a  temperature  not  to 
exceed  200  degrees  Fahrenheit.  The  main  line  is  then  closed  and  oil 
from  the  charging  tank  is  forced  by  pressure  pumps  into  the  retort  until 
the  timber  has  taken  oil  to  the  point  of  refusal,  or  a  predetermined 
amount.  The  pressure  and  temperature  within  the  retort  are  controlled 
so  as  to  give  a  maximum  penetration  of  the  oil.  The  pressure  is  then 
released  and  the  free  oil  in  the  retort  is  drained  off".  A  vacuum  of  suffi- 
cient degree  and  duration  is  then  drawn  in  the  retort  to  recover  that 
portion  of  the  free  oil  in  the  timber  above  the  specified  amount.  The 
recovered  oil  is  then  drained  off  from  the  retort  and  the  charge  is  with- 
drawn. 

DESCRIPTION     FOR    TREATMENT    OF    GREEN     OR     WATER-SOAKED    TIMBER. 
BUEHLER     PROCESS. 

This  process  is  covered  by  Patent  No.  899237,  issued  under  date  of 
September  22,  1508,  to  Walter  Buehler. 

Each  cylinder  charge  must  be  made  up  of  timbers  of  practically  the 
same  dimensions.  Seasoned  and  green  or  freshly  sawed  material  must 
not  be  mixed  together  and  treated  in  the  same  charge. 

Dimension  timber  must  not  be  treated  in  the  same  charge  with  plank- 
ing, nor  ties  with  planking,  and  sufficient  i-in.  strips  must  be  place.d 
between  each  tier  of  sawed  ties  or  timbers  with  J^-in.  space  left  between 
each  piece  so  that  the  oil  can  have  free  access  to  all  surfaces. 

After  the  timber  has  been  placed  in  the  cylinder,  it  must  be  immersed 
in  creosote  oil  of  a  temperature  not  less  than  140  degrees  F.  and  kept 
covered  during  the  entire  seasoning  period.     The  engineer  on  duty  must 
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from  time  to  time  during  the  seasoning  period  satisfy  himself  by  bleeding 
the  cylinder  that  such  is  the  case. 

After  filling  the  cylinder  with  oil,  steam  must  then  be  regulated 
through  the  heating  coils  so  that  the  temperature  within  the  cylinder 
is  kept  gradually  rising  as  fast  as  the_condensation  will  permit  until  a 
temperature  between  220  and  260  degrees  F.  is  reached,  the  exact  tem- 
perature dependent  upon  the  size  and  character  of  the  timber,  after  which 
the  steam  pressure  must  only  be  such  as  to  maintain  a  regular  and  con- 
stant temperature  within  the  cylinder  at  the  maximum  temperature 
allowable  for  the  timber  being  treated.  During  the  seasoning  period  a 
gage  on  the  cylinder  should  show  a  pressure  of  not  more  than  5  lbs. 
The  maximum  temperature  shall  be  maintained  until  the  condensation 
collecting  in  the  hot  well  shows  the  interior  of  the  wood  to  be  suffi- 
ciently dry,  or  when  condensation  does  not  exceed  one-sixth  of  a  pound 
of  water  per  cubic  foot  of  charge,  when  the  steam  pressure  in  the  coils 
should  be  released  and  the  cylinder  filled  up  with  creosote  oil  from  the 
measuring  tank,  the  temperature  allowed  to  reduce  until  a  temperature 
of  about  200  degrees  is  obtained,  the  pump  pressure  applied  untH  the 
timber  has  taken  the  proper  amount  of  oil. 

After  the  proper  quantity  of  oil  has  been  injected,  the  cylinder  shall 
be  drained  and  an  air  pressure  of  not  less  than  15  or  more  than  25  lbs.  be 
maintained  within  the  cylinder  for  a  sufficient  length  of  time  to  thoroughly 
penetrate  with  air  all  of  the  ties  or  timbers. 

The  measurement  of  the  oil  in  each  charge,  four  gage  readings  shall 
be  taken. 

First,  gage  of  measuring  tank  from  which  oil  is  to  be  taken  before 
any  oil  has  been  admitted  to  the  cylinder. 

Second,  gage  reading  of  measuring  tank  after  oil  has  been  admitted 
to  the  cylinder  and  the  same  completely  filled. 

Third,  gage  reading  after  the  required  amount  of  oil  has  been 
injected. 

Fourth,  gage  rending  after  the  oil  in  the  cylinder  has  been  returned 
to  the  measuring  tank.  Temperature  of  oil  shall  be  taken  before  it  enters  or 
as  it  enters  the  cylinder  and  during  the  treatment,  and  as  it  leaves  or  after 
it  has  been  returned  to  the  measuring  tank.  A  correction  for  tempera- 
ture shall  be  made  on  each  charge.  The  difference  between  the  first 
gage  reading  and  the  fourth  gage  reading  with  a  proper  temperature 
correction  shall  be  the  amount  of  oil  injected.  It  is  required  that  the 
amount  of  oil  injected  shall  be  measured  before  the  ties  or  timbers  are 
withdrawn  from  the  cylinder,  and  if  proper  quantity  of  oil  has  not  been 
injected,  the  oil  is  to  be  returned  to  the  cylinder  and  the  deficiency 
made  up. 

DESCRIPTION     FOR    TREATMENT    OF    SEASONED    TIMBER.      BUEHLER     PROCESS. 

This  process  is  covered  by  Patent  No.  899480,  issued  under  date  of 
September  22,  1908,  to  Walter  Buchler. 

After  ties  are  placed  in  the  cylinder,  the  vacuum  shall  be  drawn,  until 
a  minimum  of  20  in.  is  obtained,  which  vacuum  shall  he  maintained  for 
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at  least  20  minutes.  After  the  vacuum  has  been  maintained  as  above, 
creosote  oil  shall  be  admitted  into  the  cylinder  until  the  ties  are  com- 
pletely filled.  Pressure  shall  then  be  applied  and  maintained  until  the 
proper  amount  of  oil  has  been  injected. 

After  the  proper  quantity  of  oil  has  been  injected,  the  cylinder  shall 
be  drained  and  an  air  pressure  of  not  less  than  15  nor  more  than  25  lbs. 
be  maintained  within  the  cylinder  until  the  maximum  pressure  remains 
constant  for  at  least  15  minutes. 

For  the  measurement  of  oil  in  each  charge,  four  gage  readings  shall 
be  taken. 

First,  gage  of  measuring  tank  from  which  the  oil  is  to  be  taken  before 
any  oil  has  been  admitted  to  the  cylinder. 

Second,  gage  reading  of  the  measuring  tank  after  oil  has  been 
admitted  to  the  cylinder  and  the  same  completely  filled. 

Third,  gage  reading  after  the  required  amount  of  oil  has  been 
injected. 

Fourth,  gage  reading  after  the  oil  in  the  cylinder  has  been  returned 
to  the  measuring  tank.  Temperature  of  the  oil  shall  be  taken  before 
it  enters  or  as  it  enters  the  cylinder  and  during  the  treatment,  and  as  it 
leaves  or  after  it  has  been  returned  to  the  measuring  tank. 

A  correction  for  temperature  shall  be  made  on  each  charge.  The 
difference  between  the  first  reading  and  the  fourth  gage  reading,  with 
a  proper  temperature  correction,  shall  be  the  amount  of  oil  injected. 
It  is  required  that  the  amount  of  oil  injected  shall  be  measured  before 
ties  are  withdrawn  from  the  cylinder,  and  if  proper  quantity  of  oil  has 
not  been  injected,  the  oil  is  to  be  returned  to  the  cylinder  and  the 
deficiency  made   up. 

DESCRIPTION  OF  THE  BOILING  PROCESS. 

This  process,  together  with  certain  details  of  construction,  was  pat- 
ented by  the  late  William  G.  Curtis  and  John  D.  Isaacs.  The  process 
patent  number  was  Reissued  No.  11,515,  dated  November  i,  1895. 

The  description  covers  the  treatment  of  piling  and  sawn  timber  of  all 
kinds  and  dimensions. 

Piling. 

The  piles  are  placed  on  trucks  in  closed  treating  cylinders  and 
immersed  in  creosote  oil  heated  to  a  temperature  of  about  160  degrees 
Fahrenheit.  A  space  of  about  10  in.  is  left  clear  from  the  top  of  the  oil 
to  the  top  of  the  treating  cylinder.  Steam  is  then  admitted  into  the 
heating  coils  and  the  temperature  of  the  creosote  gradually  raised  to 
212  degrees  Fahrenheit.  The  vapors  passing  over  are  condensed  in  a 
surface  condenser.  The  temperature  is  gradually  raised  until  a  maxi- 
mum of  225  degrees  Fahrenheit  is  reached,  and  this  temperature  is  main- 
tained until  the  rate  of  evaporation  does  not  exceed  one-sixth  of  a  pound 
of  water  per  cubic  foot  of  material  in  the  charge. 

The  treating  cylinder  is  next  filled  with  creosote  oil  at  a  pressure 
of  5   lbs.    on   the   pump   gauge,   the   temperature    falling   to   about   200 
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degrees  Fahrenheit.  The  pressure  pump  is  then  started  and  pressure 
applied  until  such  time  as  the  required  amount  of  creosote  oil  shall  have 
been  injected  into  the  timber.  (In  the  Southern  Pacific  plant  the  pres- 
sure does  not  exceed  140  lbs.  per  sq.  in.)  After  injection  the  pressure 
is  slowly  released  through  an  overflow  pipe,  the  creosote  oil  drawn  of? 
from  the  treating  cylinders,  and  the  rharge  removed.  (In  the  Pacific 
Creosoting  plant  this  is  not  done  until  the  temperature  of  the  charge 
has  been  reduced  to  200  degrees  Fahrenheit.)  The  piles,  upon  coming 
from  the  treating  cylinder,  should  be  free  from  heat  checks.  The  borings 
should  be  dry,  and  beyond  the  penetration  of  the  creosote,  should  retain 
their  natural  elasticity. 

Timber. 

In  treating  dry  sawn  timber  it  is  advisable  not  to  exceed  212  to  214 
degrees  Fahrenheit,  or  120  pounds  pressure.  Otherwise  the  process  is 
the  same  as  the  above. 

DESCRIPTION    OF   RUEPING    PROCESS. 

The  patent  covering  the  Rueping  method  of  impregnating  wood  was 
issued  under  Patent  No.  709,799,   dated   September  23,   1902,   to   Messrs. 
Hulsberg  &  Co.,  M.  B.  H.,  of  Germany,  and  reissued  to  same  company 
October  22,  1907,  under  Patent  No.  12,707. 
Seasoned  Timber. 

1.  The  timber  to  be  treated  should  preferably  be  thoroughly  air- 
seasoned.  Green,  or  partially  seasoned,  timber  must  be  steam-dried  before 
treatment. 

Air  Pressure. 

2.  The  timber  is  subjected  to  an  initial  air  or  gas  pressure  in  the 
receptacle,  until  all  the  cells  and  cavities  of  the  wood  are  filled,  after 
which,  while  maintaining  the  air  pressure,  the  impregnating  liquid,  under 
a  still  higher  pressure,  is  introduced  into  the  receptacle,  in  which  the 
material  treated  is  placed.  In  most  cases  the  compressed  air  is  intro- 
duced direct  from  the  compressor,  which  operation  generally  takes  suffi- 
cient time  for  the  wood  to  be  thoroughly  saturated  with  compressed  air. 
If  the  compressed  air  is  introduced  into  the  treating  cylinder  direct  from 
the  air  accumulator,  and  thus  fills  the  receptacle  in  a  short  time,  the 
second  step  of  the  operation  should  not  be  begun  until  the  wood  has 
been  exposed  to  the  full  influence  of  the  compressed  air,  for  sufficient 
time  for  the  air  to  fill  all  the  cells  and  cavities  of  the  wood.  In  propor- 
tion to  the  quantity  of  impregnating  liquid  entering  the  receptacle,  air 
is  allowed  to  escape  in  order  to  make  room  for  the  required  quantity 
of  liquid. 

Location  of  Air  Escape  Valve. 

3.  While  the  impregnating  liquid  is  being  introduced  into  the  treat- 
ing cylinder,  the  air  pressure  must  be  on  an  even  level,  and  sufficient 
liquid  must  be  introduced  to  completely  fill  the  cylinder.  For  this  reason  the 
air  escape  valve  must  be  at  the  highest  point  of  the  cylinder  to  avoid  air 
pockets  from  forming  in  the  liquid. 
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Impregnating  Liquid   Pressure. 

4.  The  material  being  completely  covered  with  the  liquid,  pressure 
is  raised  by  introducing  additional  quantities  of  impregnating  liquid  until 
the  pressure  has  reached  the  desired  height  to  fully  penetrate  the  cells 
of  the  wood.  It  is  desirable  that  this  pressure  be  increased  slowly  and 
in  regular  stages  until  the  maximum  has  been  reached. 

Amount  of  Liquid  Absorbed. 

5.  The  maximum  pressure  of  the  impregnating  liquid  must  be  main- 
tained until  the  timber  will  not  absorb  any  more  appreciable  quantity  of 
the  liquid.  The  pressure  is  then  cut  off,  and  the  impregnating  liquid 
is  discharged.  It  is  not  necessary  to  limit,  in  any  way,  the  gross  absorp- 
tion of  the  timber;  in  fact,  it  is  essential  that  no  limit  be  placed  on 
same,  so  that  the  certainty  is  established  that  all  parts  of  the  timber 
which  will  take  treatment  are  reached  by  the  impregnating  liquid.  If, 
after  the  end  of  the  run,  it  is  shown  that  the  final  absorption  is  too 
large,  then  either  the  initial  air  pressure  may  be  increased  or  the  liquid 
pressure  decreassed,  or,  if  too  small,  the  air  pressure  may  be  decreased, 
or  the  liquid  pressure  may  be  increased. 

Regulating   Impregnating  Liquid  Absorption. 

6.  The  final  absorption  is  dependent  on  the  relative  differences 
between  the  air  pressure  and  the  impregnating  liquid  pressure,  and  by 
regulating  the  comparative  heights  of  these  pressures  the  final  absorption 
can  be  adjusted  to  the  specified,  or  desired,  quantities.  When  experi- 
menting which  are  the  correct  pressures  to  use  on  a  particular  lot  of 
timber,  it  is  advisable  to  keep  the  liquid  pressure  at  an  even  height,  and 
raise  or  reduce  the  air  pressure,  rather  than  vary  the  liquid  pressure, 
while  the  air  pressure  is  maintained  evenly.  Should,  however,  neither 
of  these  methods  bring  about  quick  and  desired  results,  then  both  air 
and  liquid  pressures  may  be  raised  or  lowered  at  the  same  time. 

Time  Required  for  Absorption. 

7.  If  the  high  impregnating  liquid  pressure  is  resorted  to,  it  does 
not  have  to  be  kept  on  the  wood  the  same  length  of  time  as  a  small 
one,  for  at  a  higher  pressure  the  liquid  will  penetrate  the  timber  to  its 
maximum   absorption   much    quicker. 

Object  In  Use  of  Vacuum. 

8.  The  main  object  of  the  vacuum,  which  tends  to  increase  the 
expansion  force  of  the  compressed  air  in  the  timber,  is  to  dry  the  timber 
from  surface  adhesion  of  the  preservative.  If  it  is  at  all  possible,  the 
vacuum  shall  be  maintained  until  at  least  in  the  surface  sections  of  the 
timber  atmospheric  or  less  pressure  is  established,  so  that  the  timber 
leaves  the  cylinder  dry,  and  the  escape  of  the  compressed  air,  which  will 
take  place  during  the  next  hour  or  so,  will  not  cause  dripping. 
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REPORT  OF  THE  SUB-COMMITTEE  ON  GROUPING  TIES  FOR 

TREATMENT. 

The  Sub-Committee  was  instructed  to  carry  on  still  further  its  inves- 
tigation on  the  proper  grouping  of  ties  for  treatment  and  to  encourage 
such  experiments  at  commercial  treating  plants.  A  circular  letter  was 
sent  to  representative  plants  asking  for  their  co-operation  in  conducting 
tests  along  the  following  lines : 

(i)  To  treat  ties  when  seasoned  to  various  weights  per  cubic  foot, 
using  their  standard  process;  the  object  being  to  determine  the  proper 
treating  weight  of  ties. 

(2)  To  separate  ties  into  heartwood  and  sapwood  groups,  noting 
the  absorption  and  penetration  obtained  for  each;  the  object  being  to  deter- 
mine the  advisability  of  separating  ties  for  treatment. 

(3)  To  treat  separately  ties  grown  in  widely  different  geographical 
regions;  the  object  being  to  determine  the  advisability  of  differentiating 
in  the  commercial  treatment  of  such  ties. 

Many  of  the  companies  written  to  signify  their  readiness  to  co-operate 
with  the  Association  in  this  work,  and  accordingly  experiments  on  the 
above  either  are  or  will  be  put  under  way  at  the  following  plants : 

Chicago  Tie  and  Timber  Preserving  Company. 

Gulfport   Creosoting  Company. 

International  Creosoting  and  Construction  Company. 

The  Kettle  River  Company. 

Northern  Pacific  Railway  Company. 

Pennsylvania  Railroad  Company. 

Texas  Tie  and  Lumber  Preserving  Company. 

In  addition,  investigations  on  the  resistance  of  the  more  important 
commercial  American  woods  to  injection  with  creosote  and  zinc-chloride 
are  now  well  under  way  at  the  Forest  Products  Laboratory,  Madison,  Wis 

As  this  work  is  in  a  formative  stage  at  present,  no  final  results  can 
be  reported  until  next  year.  The  following  information  has,  however,  been 
secured : 

Northern  hard  maple  tics  seasoned  for  eighteen  months  at  the  plant 
of  the  Chicago  Tie  and  Timber  Preserving  Company,  Waukegan,  111., 
treated  by  the  Card  process  (zinc  strengths  3.2  per  cent.,  creosote  in  solu- 
tion 16  per  cent.,  pressure  125  lbs.  per  square  inch  applied  four  hours, 
initial  vacuum  26  inches  applied  thirty  minutes)  gave  the  following  reswUi; 
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Class. 

Av.  weight 

Av.  weight 

per  tie 

per  cu.  ft. 

(lbs.) 

(lbs.) 

Heart.  . 

....   189.8 

48.2 

Sap. .. . 

....   179-3 

45-5 
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Av.  absorption  (lbs.)  Vol.  tie 

Per  tie.      Per  cu.  ft.  cu.  ft. 

64.9  16.5  3.94 

72.9  21.0  3.94 

In  regard  to  the  separation  of  sap  and  heartwood  for  pine  ties,  Mr. 
George  E.  Rex,  President  of  the  Texas  Tie  and  Lumber  Preserving  Com- 
pany, states : 

"Our  ties  are  piled  in  long  tracks,  say  150  piles  to  the  track,  with 
1,000  ties  in  a  pile.  When  the  ties  are  properly  seasoned  60  or  70  tram 
cars  at  a  time  are  run  opposite  these  piles,  loaded  and  treated.  In  this 
first  shove  of  the  track  we  pick  up  the  heart  ties  in  the  piles,  dropping 
the  saps  to  one  side.  The  next  shove  we  pick  up  the  saps.  In  this  man- 
ner we  find  we  can  get  the  separation  done  pretty  satisfactorily  with  no 
additional  cost." 


Appendix  D. 

REPORT   OF   SUB-COMMITTEE-ON   SPECIFICATIONS    FOR 
PILES   TO   BE  TREATED. 

General   Requirements. 

1.  Piles  shall  be  cut  from  sound  trees;  shall  be  close  grained  and 
solid,  free  from  defects,  such  as  injurious  ring  shakes,  large  and  unsound 
or  loose  knots,  decay  or  other  defects  which  may  materially  impair  their 
strength. 

2.  Piles  must  be  butt-cut  above  the  ground  swell  and  have  a  uniform 
taper  from  butt  to  tip.  Short  bends  will  not  be  allowed.  A  line  drawn 
from  the  center  of  the  butt  to  the  center  of  the  tip  shall  lie  within  the 
body  of  the  pile.  Diameter  of  piling  should  be  ascertained  by  measur- 
ing the  circumference  and  dividing  by  the  number  3.14  in  all  cases  where 
the  tree  is  not  practically  round. 

3.  Piles  must  not  exceed  twenty  (20)  in.  in  diameter  at  any  point ; 
that  is,  swollen  butts  and  projecting  knots  must  be  trimmed  so  that  the 
diameter  will  not  exceed  twenty    (20)    in. 

4.  All  knots  shall  be  trimmed  close  to  the  body  of  the  pile  and  the 
bark  peeled,  including  the  inner  skin,  so  that  the  piles  are  practically 
smooth  and  clean. 

5.  Piles  of  different  timbers  must  be  delivered  in  separate  lots. 

6.  Piles  with  a  large  amount  of  sap  wood  are  to  be  preferred. 

PILES. 

Southern  Yellow  Pine. 

Shall  be  of  any  variety  of  Southern  Yellow  Pine.  For  round  piles 
the  minimum  diameter  at  the  tip  shall  be  nine  (9)  in.  for  lengths  not 
exceeding  thirty  (30)  ft,  eight  (8)  in.  for  lengths  over  thirty  (30)  ft., 
but  not  exceeding  fifty  (50)  ft.  The  minimum  diameter  at  one-quarter 
of  the  length  from  the  butt  shall  be  twelve  (12)  in.,  and  the  maximum 
diameter  at  the  butt  twenty    (20)    in. 

White  Cypress. 

Shall  be  not  less  than  12  in.  in  diameter  at  the  tip  for  piles  30  ft. 
long,  nor  less  than  10  in.  in  diameter  for  piles  30  to  40  ft.  long,  inclusive, 
and  not  less  than  9  in.  in  diameter  for  piles  over  40  ft.  long. 

Red  Oak. 

May  be  of  red  oak,  willow  oak,  black  oak,  pin  oak  or  water  oak. 

Shall  not  be  less  than  12  in.  in  diameter,  6  ft.  from  butt,  and  not  less 
than  ID  in.  in  diameter  at  the  tip  for  piles  under  30  ft.  long;  not  less 
than  9  in.  in  diameter  for  piles  30  to  39  ft.  long,  and  not  less  than  8 
in.  in  diameter  for  piles  over  40  ft.  long. 
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Douglas  Fir. 

Shall  be  either  red  or  yellow  Douglas  Fir.  Piles  shall  not  be  less 
than  14  in.  and  not  more  than  18  in.  in  diameter  at  the  butt  and  not 
less  than  10  in.  in  diameter  at  the  tip  for  piles  forty  (40)  ft.  or  less  in 
length.  Piles  over  forty  (40)  ft.  in  length  shall  not  be  less  than  sixteen 
(16)  in.  or  more  than  twenty  (20)  in.  in  diameter  at  the  butt  and  not 
less  than  eight   (8)   in.  in  diameter  at  the  tip. 

SPECIFICATIONS    FOR   BRIDGE    MATERIAL   TO    BE   TREATED. 

General  Requirements. 

Except  as  noted,  all  timber  shall  be  sound,  sawed  standard  size,  full 
length,  square  cornered  and  straight;  free  from  defects,  such  as  injurious 
ring  shakes  and  cross  grain,  unsound  or  loose  knots,  knots  in  groups, 
decay,  large  pitch  pockets  or  other  defects  that  will  materially  impair 
its  strength.     Sapwood  no  objection. 

Standard  Size  of  Sawed   Timbers. 

Rough  timbers  when  sawed  to  be  standard  size  shall  not  be  over 
J4-in.    scant   from  actual   size   specified. 

Standard  Dressing  of  Sawed  Timbers. 

Standard  dressing  means  that  not  more  than  %-in.  shall  be  allowed 
from  dressing  each  surface.  For  instance,  a  12-in  x  12-in  shall,  after 
dressing  four  sides,  measure  not  less  than  11^  in.  x  11^  in. 

STRINGERS. 

southern  Yellow  Pine  (to  include  long-leaf,  short-leaf  and  loblolly  pines). 

Timbers  shall  show  at  least  an  average  of  eight  annual  rings  per 
inch,  the  average  to  be  determined  by  the  measurement  of  at  least  four 
inches  as  measured  from  the  center  of  the  stick  outward.*  Knots  greater 
than  one  and  one-half  (i^)  in.  in  diameter  will  not  be  permitted  at 
any  section  within  four  (4)  in.  of  the  edge  of  the  piece,  but  knots  shall 
in  no  case  exceed  four    (4)   in.  in  their  largest  diameter.    • 

Douglas  Fir. 

Shall  be  of  dense  growth,  showing  an  average  of  not  less  than  twelve 
annual  growth  rings  to  the  inch.  Shall  be  out  of  wind  and  free  from 
shakes,  splits  or  pitch  pockets  over  three-eighths  (^/s)  in.  wide  or  five 
(5)  in.  long.  Knots  greater  than  two  (2)  in.  in  diameter  will  not  be 
permitted  within  one-fourth  (%)  of  the  depth  of  the  stringer  from  any 
corner  nor  upon  the  edge  of  the  piece;  knots  shall  in  no  case  exceed 
three   (3)   in.  in  diameter. 

CAPS,    SILLS,    POSTS,    GUARD    RAILS,   LONGITUDINAL    STRUTS    AND    GIRTS. 

Southern  Yellow  Pine  (to  include  long-leaf,  short-leaf  and  loblolly  pines). 

Timbers  shall  show  at  least  an  average  of  eight  annual  rings  per  inch, 
the  average  to  be  determined  by  the  measurement  of  at  least  four  (4)  in., 
as  measured  from  the  center  of  the  stick  outward;  caps,  sills  and  posts 
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must  be  free  from  knots  over  two  and  one-half  (2J/2)  in.  in  diameter; 
guard  rails,  longitudinal  struts  and  girts  shall  be  free  from  any  large  knots 
or  other  defects  that  will  materially  injure  their  strength. 

CAPS,    SILLS    AND    POSTS. 

Douglas  Fir.  ~ 

Shall  be  out  of  wind  and  free  from  shakes,  splits  and  pitch  pockets 
over  one-half  (5/2)  in.  wide  or  five  (5)  in.  long.  Knots  shall  not  exceed 
one-fourth  (^)  of  the  width  of  the  surface  of  the  piece  in  which  they 
occur,  and  shall  in  no  case  exceed  three   (3)   in.  in  diameter. 

*N0TE. — The  Committee  has  spent  much  time  endeavoring  to  formulate 
a  specification  for  the  various  gra,des  of  Southern  Yellow  Pine.  The  distinc- 
tion made  by  means  of  the  number  of  rings  per  inch  may  not  be  the  best 
method  nor  are  the  specific  number  of  rings  per  inch  to  be  considered  as 
anything  more  than  a  s'uggestion  for  discussion  and  verification.  It  is  prob- 
able that  no  general  figure  can  be  given,  because  different  railroads  use 
structural  timbers  under  such  varying  conditions  of  service.  With  the  admis- 
sion of  the  sap  pines,  it  is  imperative  that  a  lower  limit  of  rings  per  inch  be 
specified  to  insure  strong  wood  for  bearing  and  framing.  The  Committee 
presents  these  figures  for  the  purpose  of  discus&ion  and  obtaining  informa- 
tion and  suggestions  which  may  make  the  formulations  of  an  acceptable 
specification  possible.  This  note  refers  to  all  references  to  the  question  of 
number  of- rings  per  inch  in  these  specifications. 

Referring    to    the    treatment    of    Bridge    Materials,    the    Committee 

recommends  the  adoption  of*  a  clause  to  be  added  to  the  specifications  for 

treatment,    dealing   with    the    subject    of   the    framing   of   timbers    before 

treatment.     It   is   of  the   greatest   importance   that   all  bridge   timbers   be 

framed,    including   the    boring    of    holes,    before    treatment,    so    that    any 

injury   to    timbers    after   treatment    be   avoided.     The    Committee    would 

accordingly    suggest    the    incorporation    of    the    following    clause    in    the 

specifications    for    treatment : 

"All  Bridge  Material  intended  for  treatment  should  be  framed,  as 
far  as  possible,  before  timbers  are  placed  in  the  treating  cylinder.  This 
includes  the  boring  of  the  necessary  holes." 
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STATISTICS. 

*CROSS-TIES    PURCHASED :     I90§. 

The  total  number  of  wooden  cross-ties  purchased  by  the  steam  and 
electric  railroads  of  the  United  States  in  1909  was  123,751,000.  This  rep- 
resents an  increase  of  11,285,000  ties,  or  10  per  cent,  over  the  number 
purchased  in  1908,  but  a  decrease  of  29,952,000,  or  19.5  per  cent.,  from 
the  number  reported  for  1907.  The  year  1907  was  one  of  great  activity 
in  the  railroad  world,  while  in  1908  the  railroads  felt  the  effect  of  the 
general  business  depression  and  curtailed  their  expenses  accordingly.  From 
a  comparison  of  the  figures  for  1909,  1508  and  1907,  it  is  evident,  however, 
that  the  cross-tie  industry  is  rapidly  regaining  the  prosperity  enjoyed 
in  1907. 

The  figures  covering  the  ties  purchased  for  new  track  are  likewise 
s-ignificant  of  improvement.  Nearly  16,437,000  ties,  or  13.3  per  cent,  of 
the  total  number,  were  reported  as  purchased  for  new  track  in  1909, 
whereas  in  1908  only  7,431,000  ties,  or  6.6  per  cent,  of  the  total  purchased, 
were  for  this  use.  In  1907  the  number  was  23,557,000,  or  15.3  per  cent. 
of  the  total.  Of  the  ties  bought  for  new  track  in  1909,  the  steam  rail- 
roads reported  13,822,000,  or  about  84  per  cent.,  and  the  electric  roads 
2,615,000.  The  ties  purchased  for  new  track  by  steam  roads  formed  12 
per  cent,  of  all  ties  purchased  by  them,  while  the  corresponding  propor- 
tion for  the  electric  roads  was  31.4  per  cent.  The  steam  roads,  however, 
showed  by  far  the  larger  relative  gain  over  1908  in  this  respect,  since 
their  building  activities  were  restricted  during  the  latter  year  to  a  greater 
extent  than  was  the  case  with  the  electric  lines. 

Table  i  gives  the  number  of  ties  purchased  in  1909,  1908  and  1907, 
distributed  according  to  class  of  ties  and  kind  of  wood. 

Ten  kinds  of  wood  supplied  97.3  per  cent,  of  all  ties  purchased. 
These  are  oak,  Southern  pine,  Douglas  fir,  Western  pine,  cedar,  chestnut, 
cypress,  tamarack,  hemlock  and'  redwood.  The  oaks  led  by  a  wide  mar- 
gin, being  the  timber  used  for  57,132,000  ties,  or  46.2  per  cent,  of  the  total 
number  purchased,  and  more  than  two  and  one-half  times  as  many  ties 
as  were  made  from  the  Southern  pines,  which  ranked  next  in  importance 
and  which  were  used  in  the  production  of  21,385,000  ties.  More  than  63 
per  cent,  of  all  ties  purchased  were  made  from  some  species  of  oak  or 
from  the  Southern  yellow  pines. 


•Authority,  Bureau  of  the  Census,  in  co-operation  with  the  Forest  Service. 
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TABLE    1.— CROSS-TIES    PURCHASED,     CLASSIFIED    ACCORDING    TO 
METHOD  BY  WHICH  MADE  AND  KIND  OF  WOOD:  1909,  1908  AND  1907. 

1909. 


Kind  of  Wood. 


Total 

Oak     

Southern  pine. 
Douglas  fir...., 
Western   pine.. 

Cedar    

Chestnut    

Cypress    

Tamarack    . . . . . 

Hemlock     

Redwood    

White    pine 

Lodgepole   pine 

Gum   

Spruce    

Beech     

All    other 


Total. 


123,751,000 


57,132,000 

21,385,000 

9,067,000 

6,797,000 

6,777,000 
6,629,000 
4,589,000 
3,311,000 

2,642,000 

2,088,000 

556,000 

487,000 

378,000 

225,000 

195,000 

1,493,000 


Hewed. 

95,499,000 


48,009,000 

17,452,000 

1.952,000 

4,466,000 

4,964,000 
5,026,000 
3,994,000 
2,981,000 

2,215,000 

1,770,000 

179,000 

459.000 

332,000 

155,000 

163,000 

1,382,000 


Sawed. 


28,252,000 


9,123,000 
3,933.000 
7,115,000 
2,331,000 

1,813,000 

1,603,000 

595,000 

330,000 

427,000 

318,000 

377,000 

28,000 

46,000 

70,000 

32,000 

111,000 


1908. 


Total 

112,466,000 

91,982,000 

42,143,000 

18,556,000 

1,946,00(1 

2,140,000 

7,469,000 
5,400,000 
3,091,000 
3,806.000 

3,036,000 
757.000 
565,000 
487,000 

262,000 

83,000 

191,000 

2,050.000 

20.484,000 

Oak    

48,110,000 

21,530,000 

7,988,000 

3,093,000 

8,172,000 
8,074,000 
3,457,000 
4.025,000 

3,120,000 
871,000 
707,000 
518,000 

262,000 

141,000 

192,000 

2,206,000 

5,967,000 

2,974.000 

6,042.000 

953.000 

Cedar         

703,000 

Chestnut 

2,674,000 

366,000 

219,000 

84,000 

114,000 

142,000 

31,000 

58,000 

1,000 

All    other 

156,000 

1907. 


Total . 


Oak     . . : 

Southern    pine.. 

Douglas    fir 

Western   pine... 

Cedar    

Chestnut    

Cypress     

Tamarack    

Hemlock    

Redwood     

White   pine 

Lodgepole   pine. 

Gum   

Spruce    

Beech     

All    other 


153,703,000 


61,757,000 

34,215,000 

14,525,000 

5,019,000 

8,954,000 
7,851,000 
6,780,000 
4,562,000 

2,367,000 

2,032,000 

475,000 

667,000 

15,000 

104,000 

52,000 

4,328,000 


118,385,000 


53,702,000 

26.227,000 

1,631,000 

3,255,000 

8,362,000 
6,330,000 
5,881,000 
4,152,000 

2,288,000 

1,485,000 

294,000 

667,000 

15,000 

24.000 

8.000 

4.064,000 


35,318,000 


8,055,000 

7,988,000 

12,894,000 

1,764,000 

592.000 

1,521.000 

899,000 

410,000 

79.000 
547.000 
181.000 


80,000 

44.000 

264,000 
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Douglas  fir,  a  species  which  will  probably  be  drawn  upon  heavily 
as  the  demand  for  ties  crowds  the  supply,  was  used  for  9,067,000  ties. 
Ranking  next  in  importance  were  Western  pine,  cedar  and  chestnut,  each 
being  credited  with  a  total  of  slightly  more  than  6,500,000  ties.  Cypress, 
tamarack,  hemlock  and  redwood  each  supplying  more  than  2,000,000  ties, 
complete  the  list  of  the  ten  leading  kinds  of  wood  purchased.  The  remain- 
ing species,  which  include  white  pine,  lodgepole  pine,  gum,  spruce,  beech, 
maple,  birch,  elm,  mesquite,  locust,  ash,  walnut  and  a  number  of  others, 
furnished  but  3,334,000  ties. 

The  two  leading  timbers  were  the  same  as  in  1908.  Oak,  with  an 
increase  of  9,022,000  ties,  contributed  a  slightly  higher  proportion  of  the 
total  number  of  ties  purchased  in  1909  than  in  1908.  Southern  pine,  on 
the  other  hand,  furnished  a  slightly  smaller  number  of  ties  than  in  1908 
and  a  smaller  proportion  of  the  total.  Douglas  fir,  with  an  increase  of 
1,079,000  ties,  held  third  rank  in  1909,  the  same  as  in  1907. 

Western  pine  was  the  only  one  of  the  ten  leading  kinds  of  wood 
which  showed  a  marked  increase  over  the  figures  for  1907,  the  year  for 
which  the  heaviest  purchases  of  ties  were  recorded.  Hemlock  supplied 
more  ties  in  1908  than  in  1907,  but  fewer  in  1909  than  in  igo8.  The  pur- 
chase of  2,088,000  redwood  ties  in  1909  is  the  heaviest  recorded  for  this 
timber,  being  slightly  greater  than  in  1907  and  exceeding  that  of  1908  by 
1,217,000  ties. 

The  increasing  use  of  several  of  the  relatively  unimportant  tie  woods, 
especially  gum,  spruce  and  beech,  is  noteworthy.  The  number  of  gum 
ties  purchased,  which  in  1907  was  only  15,000,  increased  to  262,000  in  1908, 
and  by  a  further  gain  of  116,000  ties  reached  a  total  of  378,000  ties  in  1909. 
Spruce  and  beech  also  showed  heavy  gains  during  the  past  two  years.  The 
increasing  use  of  these  species  which  are  lacking  in  decay-resisting  quali- 
ties is  evidence  of  the  growing  use  of  methods  of  wood  preservation 
through  chemical  treatment. 

Approximately  "j"]  per  cent,  of  all  ties  purchased  in  1909  were  hewed. 
Although  the  proportion  of  hewed  ties  was  lower  than  in  1908,  it  was 
the  same  as  in  1507  and  higher  than  in  1906.  About  82  per  cent,  of  all 
ties  purchased  in  1908  and  about  75  per  cent,  of  those  purchased  in  1906 
were  hewed.  In  the  industry  as  a  whole  it  is  apparent  that  methods  of 
manufacture  are  not  undergoing  any  great  general  and  permanent  changes. 

Cross-ties  made  of  oak  showed  a  slight  gain  in  the  relative  number  of 
sawed  ties.  In  1908,  12.4  per  cent,  of  the  oak  ties  purchased  were  sawed, 
while  in  1909  16  per  cent,  were  so  reported.  In  the  case  of  ties  made 
from  Southern  pine  the  proportion  of  hewed  ties,  although  less  than  in 
1908,  was  greater  than  in  1907.  Douglas  fir  is  the  only  important  timber 
from  which  more  ties  are  sawed  than  hewed,  78.5  per  cent,  of  the  ties 
reported  as  made  from  this  timber  in  1909  being  sawed.  The  number  of 
ties  hewed  from  Douglas  fir  does  not  change  from  year  to  year  propor- 
tionate to  the  use  of  the  species,  the  fluctuations  in  the  demand  for  ties 
made  from  this  wood  being  confined  largely  to  sawed  ties,  which  show 
wide  variations  annually. 
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In  the  case  of  cedar  ties  the  number  of  hewed  ties  shows  a  steady 
and  heavy  decrease  since  1907,  while  the  number  of  sawed  ties  has 
increased  correspondingly,   from  592,000  in  1907  to  1,813,000  in  1909. 

Table  2  shows  the  number  and  cost  of  ties  purchased  by  steam  and 
electric  railroads  of  the  United  States- in  1909,  classified  according  to 
kind  of  wood  and  method  by  which  made. 

The  steam  railroads  of  the  United  States  purchased  115,432,000  cross- 
ties  in  1909,  or  93.3  per  cent,  of  the  total  quantity  purchased.  Of  these 
77.9  per  cent,  were  hewed  and  22.1  per  cent,  sawed.  The  electric  railroads 
purchased  8,319,000  ties,  or  6.y  per  cent,  of  the  total  in  1909,  a  gain  of 
1,894,000  ties  over  1908.  Of  these  67.5  per  cent,  were  hewed  and  32.5  per 
cent,  sawed. 

Next  to  oak  ties  the  electric  roads  purchased  more  ties  made  of 
chestnut  than  of  any  other  species.  Almost  as  many  Southern  pine  ties 
were  reported  by  them;  and  ties  of  cedar,  redwood  and  Douglas  fir 
ranked  next  in  importance.  Since  the  steam  roads  purchased  a  very 
high  proportion  of  the  total  number  of  ties  reported,  the  rank  of  the 
woods  used  by  them  is  the  same  as  that  discussed  under  the  total  num- 
ber purchased  by  both  classes  of  roads.  The  less  durable  woods  are  little 
used  by  the  electric  roads,  doubtless  because  these  roads  lack  the  facilities 
for  preservative  treatment  which  a  number  of  the  large  steam  railroads 
now  possess. 

The  total  cost  of  all  cross-ties  purchased  in  1909  was  $60,320,700, 
an  amount  which  exceeds  the  figures  for  1908  by  more  than  $4,000,000. 
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TABLE  2.— CROSS-TIES  PURCHASED— NUMBER  AND  COST  AT  POINT 

'  OF  PURCHASE,  BY  CLASS  OF  RAILROAD  PURCHASING,  METHOD 
--•1     ■■■■'■■     '.■  ■  BY  WHICH  MADE  AND  KIND  OP  WOOD:    1909. 

""      '  Aggregate. 


Kind  of  Wood. 

Number. 

Cost. 

Kind  of  Wood. 

Number. 

Cost, 

Total 

Oak  

Southern    pine 
Douglas  fir — 
Western   pine. 

Cedar 

Chestnut   

Cypress    

123,751,000 

57,132,000 
21,385,000 
9,067,000 
6,797,000 
6,777,000 
6,629,000 
4,589,000 

$60,320,700 

29,062,000 
11,112,000 
3,754,000 
3,619,000 
3,085,000 
2,947,000 
1,902,000 

Tamarack     . . . 

Hemlock    

Redwood    

White  pine.. . . 
Lodgepole  pine 

3,311,000 

2,642,000 

2,088,000 

556,000 

487,000 

378,000 

225,000 

195,000 

1,493,000 

$1,356,000 
865,000 
1,108,000 
237,000 
224,000 
198,000 

Spruce    

Beech    

All  other 

109,000 

68,700 

674,000 

PURCHASED   BY   STEAM   RAILROADS'. 


Kind  of 

of 

Wood. 


Total.. 


Oak    

Sou.  pine. . 
Douglas  fir 
West,   pine 

Cedar    

Chestnut  . 
Cypress  . . 
Tamar'k  .. 
Hemlock. 
Redwood  . 
White  pine 
L'pole  pine 

Gum    

Spruce    . . . 

Beech    

All  other. . 


Total.                1 

Hewed. 

Sawed. 

Number. 

Cost. 

Number. 

Cost. 

$43,644,000 

22,885,000 

Number. 

Cost. 

115,432,000 

$56,139,000 

89,884,000 
45,565,000 

25,548,000 
8,278,000 

$12,495,000 

53,843,000 

27,292,000 

4,407,000 

20,138,000 

10,353,000 

16,932,000 

8,534,000 

3,206,000 

1,819,000 

8,520,000 

3,561,000 

1,919,000 

741,000 

6,601,000 

2,820,000 

6,730,000 

3,584,000 

4,443,000 

2,483,000 

2,287,000 

1,101,000 

6,078,000 

2,793,000 

4,332,000 

1,984,000 

1,746,000 

809,000 

5,252,000 

2,318,000 

4,016,000 

1,759,000 

1,236,000 

559,000 

4,379,000 

1,816,000 

3,814,000 

1,548,000 

565,000 

268,000 

3,205,000 

1,314,000 

2,926,000 

1,201,000 

279,000 

113,000 

2,628,000 

861,000 

2,201,000 

717,000 

427,000 

144,000 

1,420,000 

785,000 

1,128,000 

597,000 

292,000 

188,000 

503,000 

211.000 

153,000 

56,000 

350,000 

155,000 

487,000 

224,000 

459,000 

213,000 

28,000 

11,000 

378,000 

198,000 

332,000 

182,000 

46,000 

16,000 

217,000 

105,000 

147,000 

74,000 

70,000 

31,000 

193,000 

68,000 

161,000 

57,000 

32,000 

11,000 

1,461,000 

656,000 

1,356,000 

613,000 

105,000 

43,000 

PURCHASED   BY   ELECTRIC   RAILROADS. 


Total 

8,319,000 
3,289,000 

$4,181,700 

5,615,000 
2,444,000 

$2,746,700 
1,282,000 

2,704,000 
845,000 

$1,435,000 

Oak    

1,770,000 

488,000 

Southern  pine 

1,247,000 

759,000 

520,000 

259,000 

727,000 

500,000 

Douglas  fir. . . 

547,000 

193,000 

33,000 

13,00(1 

514,000 

180,000 

Western    pine 

67,000 

35,000 

23,000 

19,000 

44,000 

16,000 

Cedar    

699,000 

292,000 

632,000 

266,000 

67,000 

26.000 

Chestnut    .... 

1,377,000 

629,000 

1,010,000 

467,000 

367,000 

162,000 

Cypress    

210,000 

86,000 

180,000 

72,000 

30,000 

14,000 

Tamarack   . . . 
Hemlock    .... 
Redwood    

106,000 

14,000 

668,000 

42,000 

4,000 

323,000 

55,000 

14,000 

642,000 

19,000 

4,000 

313,000 

51,000 

23,000 

26,000 

10,000 

White   pine. .. 

53,000 

26,000 

26,000 

13,000 

27,000 

13,000 

L'gepole    pine 

Gum   

Spruce    

""s',666 

4,666 

8,666 

4^666 

Beech    

2,000 

700 

2,000 

700 

All  other 

32,000 

18,000 

26,000 

15,000 

6,666 

3,666 

Table  3  shows  the  average  cost  of  cross-ties  purchased  by  steam  and 
electric  railroads  in  1909,  1908  and  1907,  classified  according  to  method 
by  which  made  and  kind  of  wood, 
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TABLE   3.— AVERAGE   COST   OF  CROSS-TIES   PURCHASED,    BY   CLASS 

OF  RAILROAD   PURCHASING,    METHOD   BY  WHICH  MADE, 

AND   KIND   OF   WOOD:    1909,    1908   and   1907. 

PURCHASED  BY  STEAM  AND  ELECTRIC  RAILROADS. 


Kind  of  Wood, 
Total  

Oak   

Southern  pine. . . 

Douglas   flr 

Western  pine 

Cedar    

Chestnut    

Cypress    

Tamarack  

Hemlock    

Redwood    

White  pine 

Lodgepole  pine. . 

Gum     

Spruce  

Beech    

All    other 


Total. 

1909 

1908 

1907 

$0.49 

$0.50 

$0.51 

0.51 

0.51 

0.53 

0.52 

0.54 

0.54 

0.41 

0.45 

0.47 

0.53 

0.51 

0.50 

0.46 

0.49 

0.50 

0.44 

0.49 

0.48 

0.41 

0.44 

0.46 

0.41 

0.50 

0.49 

0.33 

0.3S 

0.34 

0.53 

0.51 

0.59 

0.43 

0.47 

0.41 

0.46 

0.4S 

0.50 

0.52 

0.45 

0.23 

0.49 

0.47 

0.39 

0.36 

0.44 

0.40 

0.45 

0.38 

0.44 

Hewed. 


1909 


$0.49 


0.50 
0.50 
0.39 
0.56 
0.45 
0.44 
0.41 
0.41 
0.33 
0.51 
0.38 
0.47 
0.55 
0.51 
0.36 
0.45 


1908 


$0.50 


0.51 
0.53 
0.41 
0.48 
0.50 
0.4S 
0.43 
0.51 
0.38 
0.49 
0.47 
0.48 
0.45 
0.52 
0.44 
0.37 


1907 
J0.51 


0.53 
0.51 
0.42 
0.49 
0.50 
0.48 
0.45 
0.50 
0.34 
0.60 
0.37 
0.50 
0.23 
0.46 
0.34 
0.45 


Sawed. 


1909 

1908 

1907 

$0.49 

$0.52 

$0.54 

0.54 

0.56 

0.59 

0.59 

0.60 

0.62 

0.42 

0.46 

0.48 

0.48 

0.57 

0.52 

0.46 

0.45 

0.49 

0.45 

0.51 

0.48 

0.47 

0.52 

0.51 

0.41 

0.41 

0.41 

0.34 

0.36 

0.44 

0.62 

0.63 

0.57 

0.45 

0.51 

0.47 

0.39 

0.41 

0.34 

0.44 

0.40 

0.38 

0.36 

0.42 

0.41 

0.41 

0.43 

0.63 

PURCHASED   BY   STEAM   RAILROADS. 


Total   

Oak    

Southern   pine. 

Douglas  fir 

Western  pine.. 

Cedar   

Chestnut   

Cypress    

Tamarack    

Hemlock    

Redwood    

White  pine 

Lodgepole  pine 

Gum   

Spruce    

Beech    

All  other    


$0.49 

$0.50 
0.51 

$0.51 
0.53 

$0.49 
0.50 

$0.50 
0.50 

$0.50 
0.52 

$0.49 
0.53 

$0.52 
0.56 

0.51 

0.51 

0.53 

0.53 

0.50 

0.53 

0.51 

0.57 

0.57 

0.42 

0.45 

0.47 

0.39 

0.41 

0.41 

0.43 

0.47 

0.53 

0.51 

0.50 

0.56 

0.48 

0.49 

0.48 

0.58 

0.46 

0.50 

0.50 

0.46 

0.50 

0.50 

0.46 

0.46 

0.44 

0.50 

0.4S 

0.44 

0.49 

0.47 

0.45 

0.52 

0.41 

0.44 

0.46 

0.41 

0.43 

0.45 

0.47 

0.52 

0.41 

0.50 

0.50 

0.41 

0.51 

0.50 

0.40 

0.41 

0.33 

0.38 

0.34 

0.33 

0.38 

0.34 

0.34 

0.36 

0.55 

0.50 

0.57 

0.53 

0.48 

0.57 

0.64 

0.63 

0.42 

0.47 

0.38 

0.37 

0.46 

0.37 

0.44 

0.51 

0.46 

0.48 

0.50 

0.46 

0.48 

0.50 

0.39 

0.41 

0.52 

0.45 

0.23 

0.55 

0.45 

0.23 

0.34 

0.48 

0.45 

0.39 

0.51 

0.50 

0.46 

0.44 

0.40 

0.36 

0.44 

0.40 

0.35 

0.44 

0.34 

0.36 

0.42 

0.45 

0.38 

0.46 

0.45 

0.37 

0.45 

0.41 

0.43 

$0.54 

0.58 
0.62 
0.48 
0.51 
0.48 
0.48 
0.51 
0.40 
0.44 
0.55 
0.40 


0.38 
0.41 
0.70 


PURCHASED   BY   ELECTRIC   RAILROADS. 


Total 


Oak    

Southern   pine.. 

Douglas   flr 

Western  pine. .. 

Cedar    

Chestnut    

Cypress     

Tamarack    

Hemlock     

Redwood    

White   pine.... 
Lodgepole  pine. 

Gum 

Spruce    

Beech  

All  other 


$0.50 

0.54 
0.61 
0.35 
0.53 
0.42 
0.46 
0.41 
0.39 
0.31 
0.48 
0.49 


$0.51 

0.53 
0.63 
0.37 
0.40 
0.44 
0.47 
0.42 
0.37 
0.38 
0.52 
0.60 


.56 


0.60 
0.65 
0.48 
0.56 
0.48 
0.49 
0.47 
0.43 
0.42 
0.G3 
0.64 


$0.49 


0.52 
0.50 
0.39 
0.82 
0.42 
0.46 
0.40 
0.34 
0.31 
0.49 
0.50 


).50 


0.52 
0.54 
0.34 
0.47 
0.45 
0.47 
0.41 
0.37 
0.38 
0.51 
0.«3 


0.59 
0.60 
0.49 
0.57 
0.47 
0.50 
0.47 
0.41 
0.42 
0.63 
0.50 


).53 


0.58 
0.69 
0.35 
.0.37 
0.39 
0.44 
0.48 
0.45 

'6!39 
0.49 


$0.54 


0.56 
0.73 
0.38 
0.37 
0.42 
0.4S 
0.54 


0.5» 
0.43 


$0.58 

0.62 
0.71 
0.47 
0.55 
0.50 
0.49 
0.58 
0.43 

0.62 
0.65 


0.54 
0.40 
0.54 


0.58 
'6!49 


0.60 


0.54 
0.40 
0.57 


0.58 
oiBl 


0.59      0.45      0.45 


0.62 
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In  1909  the  average  cost  per  tie  was  49  cents  as  compared  with  50 
cents  in  1908  and  51  cents  in  1907.  Nevertheless  the  average  cost  of  all 
ties  reported  as  purchased  was  higher  in  1909  than  in  1906,  when  it  was 
47  cents.  A  comparison  of  the  figures  for  1909,  1908  and  1907  shows 
that  in  the  case  of  each  of  the  leading  kinds  of  tie  timbers,  except  Western 
pine,  the  average  price  was  less  in  1909  than  in  1907,  though  the  prices 
paid  for  chestnut,  tamarack  and  hemlock  were  greater  in  1908  than  in 
1907.  Western  pine  ties  showed  an  average  cost  of  53  cents  in  1909  as 
compared  with  51  cents  in  1908  and  50  cents  in  1907.  Sawed  ties  of  this 
timber  were  purchased  for  less  in  1909  than  in  1908  or  1507;  but  there 
was  a  remarkable  increase  in  the  cost  of  the  hewed  ties,  due  probably  to 
the  inclusion  in  the  reports  of  large  numbers  of  ties  which  had  been 
treated  with  a  preservative  before  purchase. 

Hemlock  ties  fell  in  price  from  an  average  of  38  cents  in  1908  to  33 
cents  in  1909.  The  average  cost  of  chestnut  ties  was  4  cents  lower  in 
1909  than  in  1907,  while  that  of  redwood  ties  was  6  cents  lower. 

In  1909  the  steam  roads  and  electric  roads  each  paid  the  same  average 
price  for  hewed  ties.  Sawed  ties  were  purchased  for  the  same  average 
price  (49  cents)  as  hewed  ties  by  the  steam  roads,  but  the  electric  roads 
paid  4  cents  more  for  sawed  ties.  It  is  an  interesting  fact  that  although 
the  average  tie  used  by  the  electric  roads  is  smaller  than  that  used  by 
the  steam  roads,  the  price  paid  for  it  is  generally  greater.  This  is  due 
not  only  to  the  disadvantages  incident  to  contracts  for  smaller  quantities 
of  material,  but  also  to  the  fact  that  the  electric  roads  are  more  likely 
to  purchase  ties  at  points  where  the  price  includes  railroad  transportation 
charges. 

The  highest  average  price  reported  by  the  steam  railroads  was  64 
cents  for  sawed  redwood  ties  and  the  lowest  33  cents  for  hewed  hemlock. 
The  electric  roads  paid  as  high  as  82  cents  for  hewed  Western  pine  ties, 
these  being  piactically  all  treated,  while  the  lowest  average  price  paid 
by  them  was  31  cents  for  hewed  hemlock. 

PRESERVATION. 

Many  species  of  timber  unfitted  for  use  as  ties  because  they  lack 
decay-resisting  qualities  or  immunity  to  insect  attacks  are  made  available 
for  the  purpose  by  the  use  of  a  preservative  treatment.  Even  in  the  case 
of  wood  that  is  naturally  more  or  less  durable,  such  treatment  is  often 
economical,  the  added  life  in  service  more  than  paying  for  the  increase 
in  the  original  cost.  Of  the  78  species  of  timber  which  the  different 
specifications  of  the  steam  railroads  of  the  United  States  permit  to  be  used 
as  cross-ties,  over  one-half  are  acceptable  for  such  use  only  after  the 
application  of  a  preservative.  Among  the  woods  most  commonly  treated 
are  pine,  red  or  black  oak,  Douglas  fir,  hemlock,  gum,  spruce  and  beech. 

The  remarkable  increase  in  the  use  of  Western  pine,  gum,  spruce  and 
beech  cross-ties,  apparent  in  the  reported  purchases  of  ties  in  1909,  is 
doubtless  due  to  the  use  of  wood  preservatives. 
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Table  4  shows  the  number  of  cross-ties  reported  as  purchased  already 
treated  or  as  treated  after  purchase  by  steam  and  electric  railroads  of  the 
United  States  in  igcg,  1908  and  1907. 

TABLE  4.— NUMBER  OF  CROSS-TIES  PURCHASED  ALREADY  TREATED 

OR  TREATED  AFTER  PURCHASE,  BY  CLASS  OF  RAILROAD 

PURCHASING:     1909,   1908  AND  1907. 

1909 


Class   of  Railroad   Purchasing. 

Total 
Treated. 

Treated 

Before 

Purchase. 

Treated 

After 

Purchase. 

All  railroads   

22,033,000 

21,198,000 
835,000 

7,663,000 

7,081,000 
582,000 

14,370,000 

14,117,000 
253,000 

Steam  railroads 

Electric  railroads 

1908 

All  railroads   

23,776,000 

23,157,000 
619,000 

10,973,000 

10,566,000 
407,000 

12,803,000 

12,591,000 
212,000 

Steam  railroads 

Electric  railroads 

1907 

All  railroads 

19,856,000 

19,192,000 
664,000 

8,389,000 

7,975,000 
414,000 

11,467,000 
11  ''I?  000 

Steam  railroads  

Electric   railroads 

250,000 

Of  the  cross-ties  purchased  in  1909,  22,033,000  were  given  a  preserva- 
tive treatment.  This  number  is  1,743,000  less  than  that  reported  for  the 
preceding  year,  but  2,177,000  greater  than  that  for  1907.  The  proportion 
which  treated  ties  formed  of  the  entire  number  purchased  was  17.8  per 
cent,  in  1909,  21.  i  per  cent,  in  1908,  and  12.9  per  cent,  in  1907.  Of  the 
number  treated  in  1909,  about  one-tliird  were  treated  before  purchase  and 
two-thirds  after  purchase. 

The  steam  railroads  treated  more  ties  after  purchase  in  1909  than  in 
1908  or  1907,  although  the  total  number  of  treated  ties  reported  by  them 
was  1,959,000  less  in  1909  than  in  1908.  The  number  purchased  by  them 
already  treated  was  3,485,000  less  than  in  1908.  The  electric  railroads 
reported  835,000  treated  ties,  of  which  582,000,  or  69.7  per  cent.,  were 
treated  before  purchase  and  253,000,  or  30.3  per  cent,  after  purchase. 

There  are  now  more  than  seventy  wood-preserving  plants  in  the 
United  States.  A  number  of  the  large  steam  roads  possess  expensive 
plants  fitted  to  handle  large  quantities  of  timber  in  a  very  efficient  man- 
ner. Ncarl>  all  treated  cross-ties  used  by  steam  railroads  are  treated  in 
closed  cylinders  permitting  the  application  of  pressure  and  designed  to 
secure  a  heavy  absorption  of  the  preservative.  The  principal  preservatives 
used  were  creosote  oil,  and,  to  an  almost  ecpial  degree,  a  solution  of  zinc 
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chloride.  Many  ties  are  treated  with  an  emulsion  of  creosote  oil  and  a 
solution  of  zinc  chloride,  and  one  road  treated  large  quantities  of  its  ties 
with  a  heavy  injection  of  crude  petroleum.  Other  preservatives  are  also 
used. 

The  electric  railroads  own  but  a  few  cylinder-treating  plants  and  are 
generally  obliged  to  purchase  treated  ties  or  to  use  some  less  expensive 
method  of  treatment,  such  as  dipping  the  ties  in  a  bath  of  the  preservative. 
Many  different  preservatives  are  used  in  this  manner. 

PRESERVATIVES  USED. 

(Authority,  Forest  Service.) 

Fifty-one  million  five  hundred  thousand  gallons  of  creosote  and 
16,250,000  lbs.  of  zinc  chloride  were  used  in  preserving  timber  in  the 
United  States  in  1909.  Small  quantities  of  crude  oil,  corrosive  sublimate, 
coal  tar  and  water-gas  tar  were  also  used.  These  figures  are  based  upon 
reports  to  the  United  States  Forest  Service  of  forty-six  firms  operating 
sixty-four  timber-treating  plants,  which  represents  93  per  cent,  of  the 
plants  in  operation  during  that  year.  These  figures  show  a  smaller  con- 
sumption than  in  1908,  when  forty-four  firms  operating  sixty-four  treating 
plants  reported  a  use  of  56,000,000  gallons  of  creosote  and  19,000,000  lbs. 
of   zinc    chloride. 

Assuming  that  on  an  average  one  gallon  of  creosote,  or  one-Tialf 
pound  of  zinc  chloride,  will  protect  a  cubic  foot  of  timber  from  decay, 
more  than  8o,coo,ooo  cu.  ft.  of  cross-ties,  piling,  poles,  paving  blocks,  mine 
and  other  timbers  were  given  a  treatment  that  will  greatly  increase  their 
life  and  usefulness. 

Since  timber  treating  began  on  a  commercial  scale  in  the  United 
States  the  domestic  supply  of  creosote  has  never  been  equal  to  the  needs 
of  the  industry.  With  the  development  of  wood  preservation  in  recent 
years  the  insufficiency  of  the  home  production  of  creosote  has  become 
more  marked.  In  1908,  69  per  cent,  of  the  creosote  used  by  the  treating 
plants  was  imported,  and  but  31  per  cent,  was  obtained  from  domestic 
sources.  In  1909,  y^  per  cent,  of  the  creosote  used  was  imported,  and 
but  27  per  cent,  obtained  in  this  country..  Nearly  three-fourths  of  the 
imported  creosote  came  from  England  and  Germany;  some  was  obtained 
from  other  European  countries,  and  some  from  Nova  Scotia.  The 
domestic  creosote  was  obtained  chiefly  in  New  York,  Philadelphia  and 
other  large  cities. 

Were  all  the  tar  produced  which  the  coal  annually  coked  in  the 
United  States  is  capable  of  yielding,  it  would  distill  considerably  more 
than  is  now  used  by  the  wood  preservers  and  obtained  from  domestic 
sources.  Unfortunately,  American  operators  do  not  even  get  the  fullest 
use  of  the  limited  quantity  of  coal  tar  made  in  this  country,  for  it  does 
not  pay  the  operators  to  distill  coal  tar  for  creosote  alone;  so,  unless 
they  can  find  a  market  for  the  associated  products,  it  is  not  separated. 
Germany  has  gone  far  ahead  of  the  United   States  in  the  development 
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of  coal-tar  products,  and  her  exports  of  them  to  this  country  are  steadily 
increasing. 

The  zinc  chloride  used  in  wood  preservation  was  all  obtained  from 
domestic  sources,  according  to  the  reports,  most  of  it  being  produced 
by  a  few  large   chemical  companies. 

Cross-ties  are  particularly  liable  to  d^cay,  since  they  are  used  under 
conditions  which  are  favorable  to  the  growth  of  the  wood-destroying 
£ungi.  Consequently,  the  railroads  have  always  taken  a  leading  part  in, 
tirnber  preservation  in  the  United  States.  Thirteen  railroads  report  the 
operation  of  timber-treating  plants;  many  also  have  ties  and  other 
materials  treated  by  commercial  plants. 

Reports  from  sixty-four  treating  plants  show  that  16,805,501  hewed 
ties  and  6,010,000  sawed  ties  were  treated  by  them  during  1909.  There 
were  also  treated  by  these  plants  9,105,627  board  ft.  of  switch  ties; 
902,793  board  ft.  of  bridge  ties;  6,550,619  linear  ft.  of  piling;  1,159,357  sq. 
yds.  of  paving  blocks,  88  per  cept.  of  which  was  yellow  pine,  the  remainder'' 
being  made  up  of  Douglas  fir,  red  gum,  etc.;  1,314,172  linear  ft.  of  poles; 
67,384  cross  arms;  38,838,393  board  ft.  of  bridge  timbers,  and  16,635,172 
board  ft.  of  other  construction  timbers.  Approxiinately,  4,000,000  board 
feet  of  various  other  materials,  such  as  flooring,  mine  timbers,  wood 
conduit,  car  sills,  car  flooring,  etc.,  were  also  treated.  •  •  ;     _^ ; 

The  following  four  companies  operating  six  plants  failed  to  furnish 
information  for  this  report,  and  in  considering  the  figures  given,  there-; 
fore,  this  fact  should  be  taken  into  account :  ,:-.'. 

Republic  Creosoting  Company. 

Norfolk  Creosoting  Company.  ,- 

Eppinger  &  Russell  Company. 

Georgia  Creosoting  Company. 

COMPARATIVE  STATEMENT  OF  CROSS-TIES  TREATED  IN  THE  UNITED  STATES 
DURING  THE  YEARS  1907,  1908  AND  1909  -.'-.j 

Authority  for  figures,  1907,  1908,  Wood  Preservers'  Association  .  .  >  ; 

Authority  for  figures,  1909,  U.  S.  Forest  Service 


. 

1907 

1 

1908 

1909 

Number 

Equiv. 
cu.  ft. 

Number 

Equiv. 
cu.  ft. 

Per 
Cent. 
Incr. 

1908 
over 
1907 

Number 

Equiv. 
cu.  ft. 

Per  - 
Cent. 
Inor.    ' 
1909 
ovef 
;908  -. 

Creosote 

Zinc  Creosote 
Zinc  Chloride 

5,750,874 
2,345,670 
9,864,765 

17,2.52,622 

7,037,010 

29,594,295 

:  9,620,420 
3,260,530 
8,640,230 

28,861,260 

9,781,590 

25,920.690 

67.29 
39.00 
♦12.4i2 

9,943,360 
2,698,598 
8.051,064 

29.830,08o' 
8,095.794 
24,153,162 

*  .  3.36  " 

•20.82 

•7.32 

•Decrease. 

Note;— 'Redubing  factor,  1  tie=3  cu.  ft. 
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THE  SUMMARY  OF  POLES  PURCHASED  BY  TELEGRAPH  AND  TELEPHONE 

COMPANIES.  STEAM  AND  ELECTRIC  RAILROADS,  ELECTRIC 

LIGHT  AND  POWER  COMPANIES 

(Authority  Bureau  of  Census.) 


1909 

1908 

1907 

Number 

Cost 

Number 

Cost 

Number 

Cost 

Total 

3.739,000 

$7,074,000 

3,249.000 

$5,929,000 

3.283.000 

$8,082,000 

Cedar 

2.440.000 

608.000 

237.000 

180,000 

78,000 

44,000 

30,000 

25,000 

23.000 

21,000 

11.000 

10.000 

32.000 

4,680,000 

1,383,000 

137,000 

520.000 

117,000 

79,000 

18,000 

35,000 

49,000 

9,000 

18.000 

9.000 

19,000 

2,200,000 

516,000 

161,000 

117,000 

91,000 

42,000 

24,000 

20,000 

13,000 

18,000 

8,000 

10,000 

29,000 

3,781,000 

1.227,000 

95,000 

383,000 

148,000 

83,000 

32,000 

80,000 

39,000 

11,000 

23,000 

8,000 

18.000 

2,109,000 

630,000 

76,000 

156,000 

100,000 

39,000 

14,000 

16,000 

31,000 

6,000 

11,000 

5,000 

89,000 

5,203,000 

1,620,000 

Oak 

60,000 

Pine  

460,000 

308,000 

109,000 

10,000 

41,000 

109,000 

Boia  d'Arc 

3,000 

Spruce 

29,000 

4,000 

Another 

126,000 

Telephone  and  telegraph  companies  reported  purchases  during  1909 
of  2,916,000  poles,  or  78  per  cent,  of  the  total.    This  was  an  increase  over 

1908  in  the  number  reported  as  bought  by  this  class  of  users  of  354,000 
poles,  or  14  per  cent.,  and  over  1907  of  604,000  poles,  or  26  per  cent. 
Steam   railroads    reported  the   purchase    of   2(i   per   cent,    more    poles    in 

1909  than  in  1908,  though  34  per  cent,  less  than  in  1907,  while  the  reported 
purchases  by  electric  railroads  and  electric  light  and  power  companies 
were  18  per  cent,  greater  than  in  1908,  and  7  per  cent,  less  than  in  1907. 

There  was  little  change  in  the  average  cost  per  pole  of  all  lengths 
and  from  all  species  of  wood  in  1909,  as  compared  with  1908,  it  being 
$1.89  in  the  later  and  $1.82  in  the  earlier  year.  The  average  cost  per 
pole,  $2.46,  in  1907,  was  substantially  larger  than  in  either  of  the  later 
years,  mainly  for  the  reason  that  a  class  of  pole  consumers  in  the  United 
States  which  uses  chiefly  short  poles  was  not  included  in  the  census 
for  1907. 

Cedar  continues  to  be  the  principal  pole  timber,  contributing  65  per 
cent,  of  the  total  purchases  in  1909,  68  per  cent,  in  1908,  and  64  per  cent, 
in  1907.  Chestnut,  after  cedar,  was  used  in  greatest  quantity  in  all 
three  years,  forming  16  per  cent,  of  the  total  in  1909,  16  per  cent,  in 
1908,  and  19  per  cent,  in  1907.  Among  the  remaining  species,  the  increase 
in  the  number  of  oak  poles  reported  as  purchased  during  the  last  three 
years  is  noteworthy ;  more  than  three  times  as  many  poles  from  this 
species  having  been  reported  as  purchased  during  1909  as  was  the  case 
in   1907. 

Substantial  progress  in  the  practice  of  treating  poles  with  chemicals 
to  preserve  them  from  decay  is  disclosed  by  the  returns  for  1909,  nearly 
one-sixth  of  the  total  purchases  during  that  year  having  been  given  some 
preservative  treatment,  as  against  about  one-tenth  in  1908  and  one-eighth 
in  1907. 
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LIST    OF    WOOD    PRESERVING    PLANTS     IN    THE     UNITED 
"STATES— JUNE  i,  1909-JANUARY  i,  1911. 

EASTERN    STATES. 
Authority — Forest   Service. 


Refer- 
ence 
No. 

Location. 

Managing  Company. 

Process. 

1 

Portsmouth.  N.  H 

Lowell,  Mass 

Long  Island  City,  N.  Y. 

Otis  Allen  &  Son 

2 

Otis  Allen  &  Son 

(Kyanizing). 

3 
4 

Eppinger  &  Russell  Co 

American  Creosoting  Co  . .  . 

The  Barber  Asphalt  Paving 

Co 

(Kyanizing). 
Creosote  (Bethell). 

5 

Maurer,  N.  J 

New  Philadelphia,  Pa.  . 
Nanticoke,  Pa 

PhUadelphia.  Pa 

Mt.  Union,  Pa 

BueU  (near  Norfolk),Va. 

Buell  (near  Norfolk),Va. 
Norfolk,  Va 

Creosote   (Bethell   and 

Rueping). 
Creosote  and  Zinc  Chloride. 

(non-pressure). 

Creosote  (non-pressure). 
Creosote  (non-pressure). 
Creosote. 

Creosote  (Bethell). 
I  Creosote  (Bethell). 
1  Creo- Resin. 

6 
7 

Philadelphia     &     Reading 

Coal  and  Iron  Co. 
Delaware,    Lackawanna    & 

Western  R.  R.  Co.  Coal 

8 

9 

10 

11 
12 

Pennsylvania  R.  R.  Co.  . .  . 
Pennsylvania  R.  R.  Co.  . .  . 
Norfolk  Creosoting  Co 

U.  S.  Wood  Preserving  Co 
Atlantic  Creosoting  &  Wood 

Preserving  Works 

The  WyckofT  Pipe  &  Creo- 

13 

Portsmouth,  Va 

Bound  Brook,  N.  J 

Paterson,  N.  J 

Creosote  (Bethell). 

Creosote  (Bethell). 
Creosote  (Lowry). 
Creosote  (Lowry). 

dl4 
dl5 

Federal  Creosoting  Co 

Federal  Creosoting  Co 

SOUTHERN    STATES. 

16 

Fickhn,  Ga 

Georgia  Creosoting  Co 

So.  Wood  Preserving  Co..  . 
Republic  Creosoting  Co. . .  . 
Gulfport  Creosoting  Co.  . .  . 

West   Pascagoula  Creosote 

17 

al8 

19 

Creosote      (Bethell     and 

Rueping). 
Creosote  (Bethell). 

20 

b21 

Ayer  &  Lord  Tie  Co 

American  Creosote  Works, 

[  Creosote      (Bethell      and 
J      Rueping). 

22 

New  Orleans,  La 

New  Orleans,  La 

Slidell,  La 

1  Zinc     Chloride    (Burnett- 
l      izing). 

Creosote. 

23 

24 

New    Orleans    Wood    Pre- 
serving Co 

Southern    Creosoting    Co., 
Ltd 

Shreveport  Creosoting  Co., 
Ltd 

Creosote. 

Creosote  (Bethell). 

j  Creosote. 

/  Zine-Creosote   (Allardyce). 
Creosote  (low   pressure). 
Creosote  (Bethein. 
Zinc     Chloride    (Burnett- 

izing). 
Creosote  (Bethein. 
Zmc    Chloride     (Burnett- 

izing). 
Zinc-Creosote  (Allnrdyce). 
Creosote  fBethell). 
Zinc     Chloride    (Burnett- 
izinjrl  . 
Oreosote  (Bethell). 
Creosote        (Bethell        and 

Rueping). 
Creosote  (Rueping). 

[Creosote       (Bethell      and 
)       Rueping). 

1  Zinc     Chloride    (Burnett- 
1       izing.) 
Creosote  (Lowry). 
.  Creosote. 

d25 

Shreveport,  La 

Winfield,  La   

26 

Louisiana  Creosote  Co 

National  Lumber  &  Creo- 
soting Co 

27 

Texarkana,  Tex 

Texarkana,  Tex 

Beaumont,  Tex 

Houston,  Tex 

Galveston,  Tex 

.Somerville,  Tex 

Greenville,  Tex 

Argenta,  Ark 

HuKO.  Okia 

28 
29 

30 

31 

32 

33 

b34 
d.3.5 

J  International      Creosoting 
(        and  Construction  Co. . . 

Texas  &  New  Orleans  R.R. 

Galveston  Creosoting  Co. . . 
Texas  Tie  &  Lumber  Pre- 

servinR  Co. 
Missouri,   Kansas  &  Texas' 

Railway 

Ayer  &  Lord  Tie  Co 

Amoriran  Creosoting  Co. .  . 

EppiiiK'T  it  liusscll    

Tciinr.s.Hoe  Cojil  &  Iron  Co. . 

36 
37 

JafKBonville,  I'"la 

BirminKhnm,  Ala 
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a38 

d39 

40 


d43 
44 


d45 
b46 


o47 
c48 
49 

f50 

51 
52 
53 
g54 
a55 
d56 
d57 


58 

h59 
d60 


Indianapolis,  Ind 

Shirley,  Ind 

Columbus,  Ind.. . 


Terre  Haute,  Ind. 


Republic  Creosoting  Co. . . . 
American  Creosoting  Co.. . 
Indianapolis,    Columbus   & 
Southern  Traction  Co...  . 

.Indiana  Zinc  Creosote  Co.. . 


Evansville,  Ind .  I  The  Indiana  Tie  Co. 


Bloomington,  Ind. 
Escanaba,  Mich... 


Marion,  111 

Carbondale,  111. 


Paris,  111 

Mt.  Vernon,  111. 
Waukegan,  111. . 

Galesburg,  III.. . 


American  Creosoting  Co . 
Chicago   &   North-western 

:    R.  R.  Co 

American  Creosoting  Co 

Ayer  &  Lord  Tie  Co 


Joppa,  111 

Madison,  111 

Sandstone,  Minn..  . 
Brainerd,  Minn. . .  . 
Minneapolis,  Minn. 
Kansas  City,  Mo. . . 
Springfield,  Mo. . .  . 


Kansas  City,  Kan. 


Topeka,  Kan. 
Toledo,  Ohio . 


Chicago  Tie  Preserving  Co  . 

Chicago  Tie  Preserving  Co  . 

Chicago  Tie  &  Timber  Pre- 
serving Co 

Chicago,     Burlington     & 
Quincy  R.  R 

The  Indiana  Tie  Co 

\  Kettle  River  Co 

Northern  Pacific  Ry.  Co..  . 
Republic  Creosoting  Co. . .  . 
j  American  Creosoting  Co.  . 


Kansas  City  Creosoting  Co  . 

Union  Pacific  R.  R.  Co. . .  . 
Federal  Creosoting  Co 


Creosote. 
Creosote. 

i  Creosote  (low  pressure.) 
Zinc  Chloride. 
Zinc     Chloride    (Burnett- 
izing). 
Zinc-Tannin    (Wellhouse). 
Zinc     Chloride     (Burnett- 

izing). 
Creosote  (Lowry). 

Zinc-Creosote  (Card). 
Creosote  (Lowry). 
[Creosote      (Bethell      and 
I      Rueping). 

]  Zinc    Chloride     (Burnett- 
L    izing). 
Zinc-Creosote. 
Zinc-Tannin  (Wellhouse). 

Zinc-Creosote  (Card). 

;  Zinc-Creosote  (Card). 
Zinc  Chloride  (Burnettizing) 
Card-Buehler). 

Creosote  (Lowry). 
Creosote. 
Creosote  (Lowry). 

Zino    Chloride     (Burnett- 
izing). 
Creosote     (Rueping     and 

Bethell). 
Zinc-Creosote  (Riitger). 
.Zinc-Tannin  (Wellhouse). 
Zinc     Chloride      (Burnett- 
izing). 
Creosote  (Lowry). 
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61 

g62 

63 

t64 

h65 

66 
67 

68 
69 


70 
71 
722 

is 

73 

74" 
75 

76 


77 
78 


Lead,  S.  Dak 

Paradise,  Mont 

Somers,  Mont 

Sheridan,  Wyo 

Laramie,  Wyo 

Alamogordo,  N.  Mex.. 
Albuquerque,  N.  Mex. 

Burke,  Idaho 

Kellogg,  Idaho 


Seattle,  Wash 

Eagle  Harbor,  Wash . 
Lowell,  Wash 


Wyeth,  Ore 

West  Oakland,  Cal 

Los  Angeles,  Cal 

Near   East   San    Pedro, 
Cal. 

Butte,  Mont 

Albuquerque,  N.  Mex... 


Homestake  Mining  Co 

Northern  Pacific  Ry.  Co. .  . 
Great  Northern  Ry.  Co. . .  . 

Chicago,       Burlington       & 

Quincy  R.  R. 
Union  Pacific  R.  R.  Co. . .  . 

Alamogordo  Lumber  Co . .  . 

Atchison,  Topeka  &  Santa 
Fe  Ry. 

Hercules  Mining  Co 

Bunker  Hill  and  Sullivan 
Mining  &  Concentrating 
Co 

Colman  Creosoting  Works  . 

Pacific  Creosoting  Co 

Puget  Sound  Wood  Pre- 
serving Co 

O.  R.  &  N.  Co 

I  Southern  Pacific  Co 

San  Pedro,  Los  Angeles  & 
Salt  Lake  R.  R.  Co. 

Anaconda    Copper    Mining 

Co : 

Texas  Tie  and  Lumber  Pre- 
serving Co 


Creosote  (non-pressure.) 

Creosote  (Lowry). 

Zinc     Chloride      (Burnett- 
izing). 

Zinc      Chloride     (Burnett- 
izing). 

Zinc     Chloride      (Burnett- 
izing). 

Wellhouse. 

r  Creosote. 
1  Crude  Oil. 

Creosote  (low  pressure). 


Creosote   (low   pressure). 
Creosote  (Bethell). 
Creosote  (boiling). 

Creosote  (special). 

Creosote  (boiling). 

Zinc  Chloride  (Burnett- 
izing). 

Creosote  (boiling). 

Zinc  Chloride  "(Burnett- 
.      izing). 

Creosote. 

Zinc  Chloride  (Burnett- 
izing). 


a — Republic  Creosoting  Company,  see  numbers  1 8,  38,  55. 

b — Ayer  &  Lord  Tie  Company,  see  numbers  21,  34,  46. 

c — Chicago  Tie  Preserving  Comoany,  see  numbers  47,  48 

d — American  Creosoting  Co.,  see  numbers  14,  15,  25,  35,  39,  43,  45,  66  57,  60 

e — Indiana  Tie  Company,  see  numbers  42,  51. 

f— C.  B.  <fe  Q.  R.  R.,  see  numbers  50,  64. 

K — Nor.  Pac.  Ry.  Company,  see  numbers  54,  .62. 

h — Union  Pacific  R.  R.  Company,  see  numbers  59.  65. 


Appendix  F. 

REPORT  OF  SUB-COMMITTEE  ON  NECESSITY  FOR  THE  USE 

OF  TRACK  SCALES  IN  TIMBER  TREATING  AND  RESULTS 

TO    BE   OBTAINED    FROM   THEIR   USE. 

In  the  treatment  of  timber  it  is  of  the  greatest  importance  that 
accurate  means  be  used  for  determining  the  exact  quantities  of  preser- 
vatives put  into  the  timber  and  left  in  the  timber.  In  most  treating 
plants,  both  in  this  country  and  abroad,  the  actual  quantities  of  pre- 
servatives injected  into  the  wood  are  measured  by  volumetric  determina- 
tion, that  is,  the  amount  of  liquid  injected  is  determined  by  measuring 
the  quantity  of  liquid  in  the  storage  tank  before  the  treatment  and  again 
after  treatment,  the  differences  (measured  in  gallons)  being  taken  as 
the  quantity  injected  into  the  vi'ood.  The  volumetric  method,  with  care 
and  attention,  can  be  made  to  record  the  quantities  of  liquid  absorbed 
with  great  accuracy,  and  in  many  of  the  modern  treating  plants  the 
degree  of  accuracy  obtained  in  making  volumetric  determinations  has 
been  excellent.  There  are  certain  factors  of  error  in  making  volumetric 
determinations,  however,  which  it  is  almost  impossible  to  avoid.  In 
order  to  assist  in  correcting  these  errors  and  to  check  the  volumetric 
readings,  many  treating  plants  have  installed  small  track  scales  as  a  part 
of  the  equipment  of  the  plant.  These  scales  are  generally  used  to  check 
the  volumetric  determinations,  that  is,  the  timber  is  weighed  on  these 
scales  before  treatment  and  immediately  after  treatment.  It  should  be 
pointed  out,  however,  that  even  with  the  most  careful  work,  the  de- 
termination by  weight  of  the  liquid  absorbed  is  not  absolute.  The  degree 
of  seasoning  must  be  taken  into  consideration,  except  where  thoroughly 
seasoned  timber  is  treated,  and  the  amount  of  moisture  that  may  be  in 
the  timber,  caused  by  a  heavy  rain,  or  the  amount  of  snow  and  ice 
which  accumulates  on  it,  as  well  as  the  tram  cars  in  the  winter  time 
may  be  a  source  of  considerable  error.  Some  of  the  preservatives  in- 
jected will  usually  run  out  of  the  timber  during  the  period  between  the 
end  of  the  treating  operation  and  the  end  of  the  weighing  operation, 
or  in  the  case  of  creosote  oil  a  certain  percentage  of  the  oil  will  evaporate 
from  the  hot  timber  before  the  end  of  the  weighing  operation  is  reached. 
The  tram  cars  should  be  light-weighed  and  stencilled,  and  should  be 
re-weighed  as  frequently  as  necessary  to  check  the  tare  weights. 

The  value  of  the  track  scale,  however,  in  connection  with  the  opera- 
tions of  the  timber  treating  plants,  lies  in  the  fact  that  the  determina- 
tions of  the  liquid  absorbed  by  weight  act  as  a  very  efficient  check  on 
the  determinations  by  volume.  With  careful  work  the  determinations 
by  weight  and  volume  should  check  reasonably  close. 

From  the  answers  which  your  Sub-Committee  has  received,  it  ap- 
pears that  most  of  the  railroad  companies  in  this  country  use  the   track 
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scale  occasionally  to  check  the  volumetric  readings,  and  in  one  case  every 
tram  of  timber  or  ties  treated  is  weighed  before  and  after  treatment. 
It  would  be  extremely  desirable  that  determinations  of  the  preserva- 
tive absorbed  be  made  for  every  run  that  is  made.  There  are  so  many 
variables  in  the  treatment  of  timber  due  to  the  nature  of  the  material 
and  to  the  varying  conditions  of  seasoning,  the  kind  of  wood,  etc.,  that 
any  method  which  would  increase  the  regularity  of  the  treatment  should 
be  adopted. 

Attached  hereto  is  a  report  from  one  of  the  treating  plants  on  the 
Rock  Island,  showing  the  quantity  of  oil  absorbed  per  tie  for  every  run 
for  a  period  of  two  weeks,  one  line  showing  the  quantity  as  determined 
by  volumetric  readings  and  the  other  line  showing  the  quantity  as  de- 
termined by  track  scale  weighing.  It  will  be  noted  that  in  this  particular 
test  the  variation  was  very  small.  In  view  of  the  fact  that  past  experi- 
ence has  shown  that  there  are  always  some  differences  in  the  readings 
by  weight  and  volume,  your  Committee  has  endeavored  to  ascertain  how 
great  the  variations  may  be  and  still  indicate  fairly  accurate  determina- 
tions. According  to  the  reports  of  some  of  the  European  railroads,  a 
variation  of  15  per  cent,  between  volumetric  readings  and  weights  is 
allowable.  In  this  country  the  variation  hardly  ever  reaches  such  a  high 
figure;  in  the  majority  of  instances  they  will  not  be  more  than  10  per 
cent.,  and  usually  very  much  less  than  that. 

If  correctly  designed  scales  are  properly  installed  and  mamtained 
and  a  reasonable  amount  of  care  exercised  in  weighing,  making  allow- 
ance for  conditions  which  may  afifect  results  as  obtained  by  weighing 
and  volumetric  determinations,  there  should  be  even  smaller  variations 
between  the  two  methods. 

The  design  and  size  of  scales  to  be  installed  will  depend,  to  a  great 
extent,  on  local  conditions  and  the  sizes  of  timber  to  be  treated. 

Having  in  mind  a  scale  for  general  use,  such  as  the  weighing  of 
ties  and  timber  up  to  35  or  40  ft.  in  length,  it  is  the  recommendation  of 
your  Sub-Committee  that  a  22-ft,  2-section,  50,000  lbs.  capacity,  suspen- 
sion bearing  platform  •  scale  be  installed  directly  on  cast-iron  plates 
embedded  in  concrete,  with  the  pit  of  sufficient  size  to  permit  thorough 
inspection  and  cleaning. 

The  platform  bearings  should  be  of  sufficiently  rigid  I-beams  and  on 
top  of  these  should  be  placed  the  ties  carrying  the  scale  rail  stands. 
The  deck  should  be  rigid  and  not  connected  with  the  scale,  but  shields 
applied  to  the  rails  to  keep  as  much  dirt  and  water  out  of  the  pit  as 
possible.  The  scale  should  be  fitted  with  a  capacity  beam,  gnuluatcd  and 
sensitive  to  2K'  pounds  in  50,000  pounds. 

This  type  scale  is  recommended  for  the  reason  that  it  is  so  designed 
as  to  be  accessible  in  all  of  its  parts  for  thorough  cleaning  and  inspec- 
tion, owing  to  the  desirability  of  the  suspension  feature  over  scales 
where  the  shock  is  transmitted  to  the  biaring  points  witii  a  direct  thrust. 
It  should  be  purchased  and  installed  for  approximately  $1,200.00. 
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A  two-section  scale  is  recommended  on  account  of  its  greater  accuracy 
over  one  containing  more  sections,  and  22  ft.  is  about  as  long  as  it  is 
desirable   to  install   a  two-section  scale. 

While  various  lengths  of  tram  cars  are  used  by  varioas  railroads  in 
timber  treating  plants,  it  would  seem  that  one  about  73^  ft.  long,  with  5-ft. 
wheel  base,  would  be  the  most  desirable,  inasmuch  as  the  bottom  ties  will 
then  project  over  the  end  of  the  car,  providing  a  hand-hold  at  each  end 
when  unloading.  Such  a  scale  as  recommended  above  will  permit  weighing 
of  two  trams  at  a  time,  if  necessary  or  desirable. 

In  case  ties  alone  are  to  be  weighed  in  single  tram  loads,  a  scale 
10  to  12  ft.  in  length  and  of  ten  tons  capacity,  of  the  "A"  lever  type, 
similar  to  those  ordinarily  used  in  warehouses  and  for  wagon  scales,  may 
be  used.  The  cost  of  this  scale  will  be  approximately  $350,  installed  with 
concrete  and  timber. 

For  more  enduring  accuracy  and  service,  it  is  recommended  that  a 
10  to  12  ft.  15-ton  scale  of  the  suspension  bearing  type,  similar  to  the 
22-ft.  2-section  scale,  already  described,  be  installed  with  concrete  and 
steel  at  an  approximate  cost  of  $700.00. 

Attached  hereto  is  a  sketch  shov/ing  the  proposed  location  of  scale 
and  arrangement  of  tracks,  where  one  or  more  cylinders  are  used;  and 
where  trams  are  shoved  into  one  end  of  the  cylinder  and  pulled  out  of 
the  other,  or  where  shoved  into  and  pulled  out  of  the  same  end.  Such 
an  arrangement  permits  trams  to  be  weighed  ready  to  be  placed  into 
the  cylinder  as  soon  as  it  is  emptied,  without  delaying  the  output  of  the 
plant.  If  the  profiles  shown  can  be  adopted  the  trams  may  be  handled 
to  advantage  by  men  instead  of  engine,  when  weighing. 

The  tracks,  switches  and  cross-over  are  so  arranged  as  to  permit 
weighing  at  all  times  on  descending  grade.  If  local  conditions  do  not 
permit  of  the  arrangement  as  shown  on  sketch,  with  the  advantages  out- 
lined above,  the  arrangement  will  have  to  be  modified  to  suit  the  con- 
ditions. 

Attached  is  a  statement  showing  information  in  regard  to  scales 
located  at  various  timber-treating  plants.  It  would  seem  from  most  of  the 
replies  that  a  depot  scale  has  been  installed,  and  while  satisfactory  for  freight 
house  and  other  light  work,  is  not  desirable  for  track  scale  weighing, 
in  that  it  is  not  durable  and  the  arrangement  of  the  levers  is  such  that 
the  friction  is  across  the  knife  edges  instead  of  in  the  direction  of  its 
length.  It  is  also  impossible  to  dean  and  inspect  it  with  the  same 
thoroughness  as  the  scale  recommended. 

One  of  the  members  of  the  Committee  recently  visited  a  large  num- 
ber of  the  European  timber-treating  plants  and  made  special  inquiries 
as  to  the  prevailing  practice  concerning  the  use  of  track  scales  in  con- 
nection with  the  treatment  of  ties  and  other  railroad  timbers.  It  was 
found  that  almost  all  of  the  timber-treating  plants  on  European  rail- 
roads are  equipped  with  track  scales,  and  at  most  of  these  treating  plants 
all  ties  and  other  timbers  are  weighed  on  trams  before  being  treated 
and  again  after  treatment.     This   method  of  checking  the  oil  absorption 
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is  possible  because  of  the  small  daily  output  of  treated  material.  Most 
of  the  cylinders  hold  only  from  three  to  four  trams  of  ties.  These  trams 
are  pushed  onto  the  scale  by  hand  before  treatment  and  again  after 
treatment.  The  weighing  operation  takes  about  five  to  ten  minutes  for 
each  tram,  because  in  the  majority  of  iiTBtances  the  scale  is  situated  at 
the  end  of  a  spur  track  and  the  tram  has  to  be  pushed  onto  it,  weighed 
and  pushed  ofif  again  before  the  next  tram  can  be  weighed. 

The  type  of  scale  used  differs  materially  from  that  hitherto  used 
in  the  United  States.  Practically  all  of  the  scales  are  the  so-called 
printing  scales,  that  is,  the  operator  pushes  a  number  of  levers  on  the 
scale  arm  until  the  scale  balances,  a  card  is  then  pushed  into  the  slot, 
and,  by  pressing  on  a  small  lever,  the  exact  weight  is  printed  on  tht 
card.  Errors  of  observation  are  thereby  made  practically  impossible. 
There  are  frequently  several  thin  sheets  of  paper  pasted  to  the  cards 
which  are  used  so  that  duplicate  and  triplicate  slips  are  made  at  one 
pressure  of  the  lever,  one  slip  remaining  with  the  treating  company  and 
the  others  with  the  railroad  officer  in  charge.  These  scales  weigh  with 
great  accuracy,  weights  being  obtained  down  to  one  (i)  kilo,  which  is 
equal  to  2.2  lbs. 

A  visit  was  made  to  a  large  scale  factory,  where  a  type  of  scale  is 
now  being  made  which  weighs  cars  and  records  the  weights  automati- 
cally, that  is,  the  cars  are  run  over  the  scale  slowly,  and  each  car  stops 
on  the  scale  platform  only  long  enough  for  the  weight  to  be  registered. 
This  registering  is  made  on  a  small  card,  which  drops  into  a  small  box 
at  the  side  of  the  scale  box.  These  automatic  scales  are  now  being 
made  in  this  country,  and  are  worthy  of  serious  consideration. 

The  general  impression  obtained,  after  visiting  many  of  the  European 
timber-treating  plants,  is  that  the  timber-treating  engineers  are  fully 
convinced  that  the  weighing  of  timber  before  and  after  treatment  is  very 
desirable  and  of  great  assistance  in  regulating  the  treatment.  They 
stated  that  the  weighing  of  every  charge  is  very  desirable  but  not  essen- 
tial, and  where  the  weighing  of  every  charge  was  carried  out,  it  was  ex- 
plained that  this  was  done,  owing  to  the  fact  that  the  time  required 
was  insignificant  at  a  plant  treating  only  a  small  quantity  of  material 
daily.  This  should  be  kept  in  mind  in  considering  the  adoption  of  a 
similar  method  in  this  country. 

Another  point  of  great  importance  in  connection  with  the  weighing 
of  timber  before  and  after  treatment  is  the  variation  observed  between 
volumetric  readings  and  weight  readings  of  the  preservative  actually 
injected.  Without  going  into  details,  it  may  be  stated  that  the  variationB 
observed  between  weight  and  volumetric  readings  in  the  European  treat- 
ing plants  was  very  much  greater  than  those  which  have  been  obtained 
in  the  United  States.  At  one  plant,  the  variation  in  16  runs  showed  tho 
average  absorption  as  indicated  by  weight  to  be  6  to  7  per  cent,  below 
the  average  volumetric  readings  (the  minimum  being  2  per  cent,  and 
the  maximum  16  per  cent.),  and  in  four  cases  the  al)sorption  by  weight 
was  greater  than  the  volumetric  riading,  the  mininnun  I)cing  i   per  cent 
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and  the  maximum  20  per  cent.  The  government  officials  at  this  plant 
indicated  that  these  were  usual  conditions. 

It  is  particularly  gratifying  to  the  Committee  to  report  that  the 
American  operative  methods  have  shown  a  very  much  closer  approxima- 
tion between  the  volumetric  and  weight  readings  than  has  been  the  case 
in  the  European  plants.  It  was  noted  in  the  accompanying  diagram, 
showing  the  results  of  weights  taken  at  one  of  the  American  timber- 
treating  plants,  that  the  variation  averages  2  to  3  per  cent. 

The  general  findings  of  the  Sub-Committee  are  that  track  scales  are 
now  being  used  at  a  small  number  of  treating  plants  in  this  country, 
and  quite  generally  in  Europe  they  are  used  to  check  the  work  of  the 
plant,  with  excellent  results.  Your  Committee  recommends  that  the 
track  scale  be  installed  at  every  treating  plant  wherever  possible.  After 
their  use  has  become  general,  it  will  be  possible  to  obtain  data  which 
will  permit  one  to  state  more  definitely  the  variation  which  will  take  place 
in  treatment,  and  thus  enable  one  to  formulate  some  general  rules  as 
to  the  extent  of  allowable  variation. 


Appendix  G. 

NOTE  ON  THE  STRENGTH  OF  TIES  TREATED  WITH  CRUDE 

OIL. 

By  W.  K.  Hatt^  Purdue  University. 

In  the  report  of  the  Committee  on  Wood  Preservation  for  1909, 
Proceedings,  Vol.  10,  page  615,  it  was  observed  that  the  various  treat- 
ments had  little,  if  any,  effect  on  the  strength  of  the  ties  to  resist  the 
pressure  of  the  rail,  except  in  the  case  of  those  treated  with  crude  oil. 
In  Proceedings,  Vol.  11,  Part  2,  page  827,  1910,  the  statement  was  made 
that  this  weakening  of  the  ties  treated  with  crude  oil  was  temporary 
in  character,  as  indicated  by  later  tests. 

The  facts  with  reference  to  this  matter  are  shown  in  Table  i  below. 
The  values  obtained  in  tests  made  at  various  dates  are  recorded  for  three 
kinds  of  tests. 

(i)  The  rail-bearing  test,  so  called,  in  which  a  base  of  a  rail  is 
pressed  against  the  tie,  and  the  yielding  of  the  surface  of  the  tie  observed. 
The  load  at  which  a  yielding  of  one-quarter  of  an  inch  is  recorded.  This 
is  beyond  the  elastic  limit  of  the  surface  fibers. 

(2)  The  load  at  which  a  common  spike  is  pulled  longitudinally 
from  the  tie. 

(3)  A  novel  test,  developed  from  the  Brinell  test  for  hardness  of 
metals,  determines  the  load  at  which  a  steel  ball  is  pressed  half  of  its 
diameter  in  wood.  The  test  for  wood  was  first  used  by  Janka  of  the 
Austrian  Forest  Experiment  Station,  and  has  been  provided  with  simple 
apparatus  and  investigated  by  the  writer  at  Purdue  University.  Obvi- 
ously such  a  test,  using  a  Tc-in.  ball,  will  detect  small  differences  of 
strength  locally  on  the  surface  of  wood,  and  many  tests  must  be  aver- 
aged to  integrate  a  surface.  It  is  one  of  the  most  quickly  applied  tests, 
and  economical.  It  requires  only  a  small  machine  and  may  be  made  in 
the  field.     Furthermore,  the  test  piece  is  not  destroyed. 

Comparisons  of  the  strength  of  different  woods  or  of  the  effect  of 
technological  processes  on  wood  can  be  easily  made.  Considerable  investi- 
gation has  been  directed  toward  the  determination  of  the  relation 
between  this  ball  test  and  the  other  strength  functions. 

The  special  apparatus  is  simple:  A  -i^-in.  ball;  a  steel  plate  n's-in.  thick, 
carefully  planed,  about  i  in.  square,  with  a  hole  bored  therein  slightly  in 
excess  of  in -in.  diameter.  The  plate  is  placed  on  a  planed  surface  of 
the  wood,  the  ball  placed  in  the  hole,  and  pressed  in  the  wood  by  the 
testing  machine.  Obviously,  when  the  ball  is  in  the  wood  one-half  of 
its  diameter  the  plunger  of  the  testing  machine  will  come  in  contact 
with  the  plate;  and  the  scale  beam  of  the  testing  machine,   which   has 
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been  kept  floating,  will  suddenly  rise.  The  attendant  is  thus  able  to 
observe  the  load  required  to  press  the  ball  half  of  its  diameter  in  the 
wood.  A  neater  and  more  accurate  method  is  to  constantly  rotate  the 
plate  by  hand  until  the  increased  resistance  to  this  rotation,  caused  by  the 
contact  of  the  plunger  with  the  plate,  indicates  the  standard  load. 

These  crude  oil  ties  were  treated  about  April,  igoQ,  first  tested 
August,   1909,  and  finally  December,   1910. 

Table  i  shows  the  change  in  strength  and  weight.  The  indications 
are: 

(i)  That  the  weakness  of  the  surface  of  the  treated  loblolly  and 
short-leaf  pine,  originally  evident,  has  disappeared  with  whatever 
changes  have  gone  on  in  the  ties  while  drying. 

(2)  That  the  diminution  of  spike-holding  power  had  not  in  April, 
1910,  been  overcome  by  seasoning.  Naturally,  the  efifect  of  this  seasoning 
would  first  be  evident  on  the  surface  and,  later  on,  in  the  interior  to  which 
the  spike  penetrates. 
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Appendix  H. 

THE   ELECTRICAL   RESISTANCE  OF   TIMBER    AS    AFFECTED 
BY   TREATMENT   WITH    PRESERVATIVES. 

(Abstract  of  Thesis  by  J.  T.  Butterfield.) 

An  investigation  to  determine  the  resistance  of  ties  as  afifected  by 
treatment  with  preservatives  was  made  by  Mr.  J.  T.  Butterfield,  of  the 
School  of  Electrical  Engineering-  at  Purdue  University,  in  the  spring 
of  1910. 

The  material  available  for  the  tests  consisted  of  four  shipments  of 
ties,  described  in  the  Fourth  Progress  Report  of  Tests  on  Treated  Ties, 
by  W.  K.  Hatt,  found  in  Proceedings  of  the  American  Railway  Engineer- 
ing and  Maintenance  of  Way  Association,  Vol.  II,  Part  2,  1910,  page  827. 
The  specimens  tested  vary  in  size  from  half  a  tie  to  a  small  section  cut 
from  half  a  tie. 

The  resistance  was  measured  by  the  method  commonly  used  for  meas- 
uring the  insulation  resistance  of  electrical  machinery,  namely,  by  means 
of  a  direct  current  volt  meter  of  known  resistance.  This  method  was 
applied  in  two  ways,  (i)  The  contact  surface  for  flow  of  current  in  the 
ties  was  a  sawn  surface  as  nearly  plane  as  possible.  Contact  pressure 
of  250  lbs.  per  sq.  in.  was  applied  in  a  Riehle  Testing  Machine  by 
means  of  sheet-iron  pans,  placed  one  above  the  other  and  filled  between 
with  dry  sand,  by  which  constant  surface  resistance  was  obtained.  (2)  After 
some  of  the  fundamental  laws  were  investigated,  the  resistance  of  the 
various  ties  was  compared  by  measuring  the  current  flowing  between 
two  spikes  driven  20  in.  apart  in  the  face  of  each  tie.  Then  the  relation 
of  these  latter  tests,  between  the  two  spikes,  to  the  conditions  obtaining 
in  a  full  tie  with  rails  spiked  thereto  was  investigated. 

In  beginning  the  tests  the  principal  elements  which  cause  the  resist- 
ance to  vary  were  determined  and  investigated  in  the   following   order: 
(i)     Amount  of  moisture  present. 

(2)  Kind  of  wood. 

(3)  Treatment. 

(4)  Direction   of   grain. 

(5)  Contact  pressure. 

(6)  Temperature. 

(7)  Amount  and  time  of  current  flowing. 

(8)  Dimensions  of  specimen. 

MOISTURE. 

The  important  eflFect  of  moisture  is  plainly  shown  by  the  following 
tables,  determined  by  the  testing-machine  method : 
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TEST  OF  RED  OAK. 

Zinc  Chloride   Treatment    1.7   Per   Cent. 

Per  Cent.  Moisture.  Ohms  Per  Cu.  In. 

144  3,370,000 

17-  414,000 

191  '                         94,000 

27.4  2,140 

357  1,381 

47-  1,310 

52.2  1,100 

Untreated. 

13-3  5,020,000 

173  784,000 

21.6  198,000 

26.6  136,300 

38.0  7,100 

43-3  6,440 

47-3  5,070 

In    order    to    investigate    the    longitudinal    distribution    of    resistance 

through  a  tie,  a  number  were  cut  up  into  6-in.  lengths  and  the  resistance 

measured  parallel  with  the  grain.    The  results  plainly  showed  that  there 

was  an   enormous   resistance   at   the   ends   of  a  tie,   which   may   have   a 

uniformly   low  resistance  in  the  interior.     The   cause  for  this   high-end 

resistance  was,  of  course,  the  drying  out  of  the  ends. 

KIND   OF    WOOD    AND   TREATMENT. 

In  measuring  the  resistance  of  different  woods,  the  method  used 
was  that  of  determining  the  resistance  between  two  spikes,  as  described 
above.  The  ties  were  generally  tested  in  the  yard  and  had  been  piled. 
Some  were  covered  and  were  no  doubt  less  dry  than  others.  Variation  in 
resistance  of  untreated  ties  of  same  species  is  to  be  accredited  to  moisture 
variation.  Generally  tests  of  5  treated  and  15  natural  ties  enter  into  the 
average. 

Resistance.        Ratio  of  treated 

(megohms  per  half  tie.)  tonatural. 
Natural.    Treated. 
Lowry  Creosote  Process. 

Red  oak 182  .177  .973 

Reuping  Process. 

Loblolly    pine 5.58  5.05  .91 

Short-leaf  pine 2.97  1.035  -35 

Long-leaf  pine  (very  dry) 5.4  6.05  1.12 

Red  gum 39  0.22  .58 

Loblolly    pine 1.46  1.41  0.96 


1. 00 

•34 

2.70 

•79 

2.2 

1.22 

.28 

1.24 

0.905 

0.20 

.666 

•15 

2.27 

■45 

.185 

•59 
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Full  Cell  Process. 

Loblolly  pine 2.94 

Short-leaf  pine 3.41 

Long-leaf  pine   1 .80 

Red   gum 225 

Loblolly  pine 4.47 

Ebano  Crude  Oil  Process. 

Loblolly  pine 4.47 

Short-leaf  pine 5.00 

Red  gum 279 

Zinc  Chloride  Process. 
Red  oak o.cS  0.0125        0.156 

DIRECTION    OF   GRAIN. 

The  direction  of  the  grain  has  a  decided  efifect  upon  the  resistance  of 
wood,  and  as  the  resistance  of  ties  was  taken  parallel  with  the  grain,  little 
consideration  was  given  the  question  aside  from  the  following  tests: 

Resistance  in  Megohms. 

Kind  of  wood. 

3-in.  cubes.  Radial  to      Tangential  to  Per  cent. 

Air  dried.        Lengthwise,  growth  rings,  growth  rings  Moisture. 

Natural  red  oak 0175  .12  .15  25 

Natural  red  oak 0175  .041  .07  40 

CONTACT    PRESSURE. 

The  study  of  the  effect  of  contact  pressure  on  a  number  of  different 
specimens  held  between  contacts  in  the  testing  machine  and  involving 
the  longitudinal  resistance  corresponding  to  different  loads  developed  the 
following  results.  As  would  be  expected,  it  was  found  that  the  resistance 
decreases  rapidly  with  increase  of  contact  pressure. 


Red  Oak,  Zinc  Chloride  Treatment,  3-in. 

Cubes. 

Lengthwise  of  Grain.     Air  dried. 

Lbs.  per  sq.  in. 

Ohm 

500 

175 

278 

180 

56.5 

220 

22.2 

270 

8.9 

460 

3-3 

575 

I.I 

1550 

0 

5S50 
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Red  Gum,   No  Treatment,   3-in.   Cubes. 
Lenffthwise  of  Grain.     Air  dried. 


55-5 

26400 

33-3 

• 

26800 

22.2 

27700 

iS-5 

- 

30350 

II.O 

32700 

7-9 

33000 

5-5 

39400 

0 

TEMPERATURE. 

67000 

Some  preliminary  tests  were  made  upon  the  ties  to  discover  the  effects 
of  temperature.  The  results,  although  not  capable  of  representation  by  a 
smooth  curve,  shovk^ed  that  the  resistance  decreased  with  an  increase  of 
temperature  in  a  nearly  direct  proportion. 

RED   OAK. 

Zinc  Chloride  Treatment— Testing  Machine  Method.     End  of  Grain. 
Block  =  5  in.  x  8  in.  x  6  in. 
Temperature  =  Average   of   Six   Thermometers. 
Temperature,  Degrees  C.  Resistance,  Ohms. 

.33  2500 

3.65  2100 

5.70  1945 

7.50  1820 

10.70  1560 

12.20  1270 

14.50  1050 

16.70  910 

21.00  670 

22.50  623 

ELECTROLYTIC  EFFECT. 

While  measuring  a  low  resistance  in  the  testing  machine  with  a  high 
voltage  it  was  noticed  that  the  voltmeter  needle  tended  to  fall  back  rapidly 
if  the  circuit  was  allowed  to  remain  closed  for  a  short  time.  This  pointed 
to  some  kind  of  an  electrolytic  effect,  and  some  tests  were  therefore  made 
in  which  the  current  was  allowed  to  flow  for  some  time  until  the  resistance 
became  nearly  constant.  Then  the  circuit  was  opened  and  (he  specimen 
allowed  to  recover.    The  following  are  the  results: 
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ELECTROLYTIC  EFFECT. 


Natura 

il  Red  Oak. 

60  Per  Cent. 

Moistu: 

re. 

Time. 

Volts. 

Ohms 

per  cubic  in, 

o  :oo  sec. 

13- 

lOIO 

0:15  sec. 

12.80 

1 130 

0  -.30  isec. 

12.70 

1 190 

I  :oo  min. 

12.61 

1248 

2  :oo  min. 

12.55 

1288 

3  :oo  min. 

12.50 

1320 

4  :oo  min. 

12.47 

1340 

6:00  min. 

12.41 

1380 

Circuit  Opened. 

7  :oo  min. 

12.40 

1386 

8:00  min. 

12.79 

II40 

9  :oo  min. 

12.86 

IIOI 

10:00  min. 

12.92 

1056 

II  :oo  min. 

12.92 

1056 

INFLUENCE    OF    VOLUME. 

The  relation   of  resistance   to   the   dimensions    of    the   specimen    was 
plainly  showed  to  vary  the  same  as  with  any  conducting  material. 

Red  Oak — Zinc  Chloride  Treatment. 


Length. 

Section. 

Resistance,  Ohms. 

6  in. 

3  sq.  in. 

9790 

pin. 

3  sq.  in. 

16030 

12  in. 

3  sq.  in. 

22500 

15  in. 

3  sq.  in. 

35500 

Red  Oak— Natural. 

Length  3  in.     Cross  section  varied. 

Cross  section,  sq.  in.  Resistance,  Ohms. 

9  6000 

18  I 1000 

27  16000 

36  22000 


RELATION   OF  TESTS  BETWEEN    SPIKES   TO   ACTUAL  TIE. 

A  few  tests  were  made  with  rails  spiked  to  a  whole  tie,  and  the  resist- 
ance measured  and  compared  to  the  resistance  of  spikes  20  in.  apart. 

The  resistance  between  the  rails  spiked  to  the  whole  tie  was  found 
to  be  about  1.8  times  the  resistance  between  spikes  driven  20  in.  apart  and 
4J^  in.  in  the  face  of  the  tie. 

The  moisture  condition  of  the  surface  of  the  tie  was  artificially  varied. 
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H  =  The  percentage  increase  in  conductivity  between  rail  and  tie,  due 
to  rail  bearing.  For  example,  the  value  of  H=o.95  for  oak  ties  is  found 
as  follows : 

I  I 


44400        44800 

H  =  — ■ • =^x  100  =  0.95  per  cent. 

I 

44800 

CONDUCTIVITY  OF  TIE  WITH  R--\ILS   SPIKED  THERETO  AS  COMPARED   WITH    SPIKES 

ALONE. 

Section  of  85-lb.  Rail  Spiked  to  Ties  at  Standard  Gage  Distance. 
No.  6  is  Red  Oak.     No.  7  is  Chestnut. 
Condition  of  Tie.  Ohms.  H.  Per  cent. 

Dry;    spikes   only /  No.  6  44800         0.95 

1  No.  7  9500         2.16 

Dry;  with  rails J  No.  6  44400 

)  No.  7  9300 

Wet  at  rail  bearing;  spikes  only J  No.  6  43/00         0.93 

1  No.  7  9400         6.79 

Wet  at   rail  bearing;   with   rails J  No.  6  43300 

1  No.  7  88co 

Wet  all  over ;  with  rails j  No.  6  27800 

\  No.  7  7760 

Bottom  of  tie  in  wet  gravel;  with  rail...  No.  6  10270 

Tie  in  moist  gravel  ballast;  with  rail...  No.  7  4350 

Tie  in  very  wet  ballast ;  with  rail /  No.  6  6780         7-68 

1  No.  7  3220         6.52 

Same  as   above ;  spikes  only (   ^°-  "  7300 

\  No.  7  3430 

The  resistance  of  the  bearing  between  a  newly  spiked  dry  rail  and 
a  dry  red-oak  tie  will  be  found  to  be  approximately  one  per  cent,  of  the 
total  conductivity  of  the  tie,  but  after  the  spikes  have  loosened  the  pres- 
sure on  the  rail  bearing  is  about  the  weight  of  rail  per  tie  divided  by  the 
area  of  the  bearing.  This  is  about  two  pounds  per  square  inch.  Such 
light  pressure  means  high  contact  resistance.  Considering  the  further 
fact  that  the  crosswise  resistance  of  a  tie  is  several  times  its  lengthwise 
resistance  per  unit  of  length,  and  that  all  leakage  current  through  the 
rail  bearing  must  pass  through  a  considerable  amount  of  cross-grain 
resistance,  the  total  resistance  of  the  leakage  path  between  rails  is  very 
high. 

CONCLUSIONS. 

The  results  obtained  tend  to  establish  the  following  conclusions : 
Timber  is  ordinarily  classed  with  the  non-conductors.     When  dry  and 
well  seasoned,  it  has  a  very  high  dielectric  strength  and  practically  infinite 
resistance.     When   green    or  moist,   however,   timber   becomes   a   kind   of 
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electrolytic  conductor  of  comparatively  low  resistance.  The  treatment 
with  zinc  preservatives  has  the  simple  effect  of  producing  in  the  wood  a 
stronger  electrolyte  and  hence  a  better  conductor  of  current. 

(i)  The  resistance  of  timber  varies  directly  with  the  length  and 
inversely  with  the  cross  section. 

(2)  The  resistance  of  timber  varies  almost  inversely  with  the  amount 
of  moisture  present,  between  the  limits  of  15  and  50  per  cent. 

(3)  The  resistance  of  timber  is  lowest  when  measured  along  the 
grain,  and  highest  when  measured  tangentially  to  the  growth  rings. 

(4)  When  treated  with  a  soluable  salt  such  as  zinc  chloride,  the 
resistance  varies  approximately  inversely  as  the  amount  of  the  salt  present. 

(5)  Treatment  with  such  a  soluable  salt  does  not  change  the  behavior 
of  the  resistance  with  respect  to  the  per  cent,  moisture  present.  Only  the 
amount  of  the  resistance  is  changed. 

(6)  The  resistance  of  timber  varies  almost  inversely  with  the  tem- 
perature between  the  limits  of  zero  and  50  degrees  Centigrade. 

(7)  The  resistance  of  non-porous  woods,  such  as  the  pines,  is  higher 
than  that  of  porous  woods,  such  as  the  oaks  and  red  gum. 

(8)  Treatment  of  timber  by  different  creosote  processes  does  not 
greatly  change  the  natural  resistance  of  the  timber. 

(9)  Finally,  all  the  data  taken  goes  to  establish  the  view  that  the 
conductivity  of  wood  is  due  primarily  to  the  presence  in  the  pores  of  an 
electrolyte  formed  by  an  aqueous  solution  of  the  salts  found  in  the  natural 
timber,  or  of  these  salts  and  others  artificially  introduced. 

Assuming  the  worst  condition  for  leakage  covered  by  the  test,  i.  e., 
red  oak  ties  treated  with  ::inc  chloride  laid  in  wet  ballast  and  with  wet 
rail  bearings,  the  resistance  between  the  rails  of  a  block  one  mile  in 
length  would  approximate  30  ohms.  This  would  permit  a  leakage  current 
of  .05  ampere  to  flow  with  the  battery  voltage  of  1.5  volts.  The  leakage 
loss  would,  therefore,  be  .075  watt,  or  about  30  per  cent,  of  the  power 
required  to  operate  the  relay.  This  should  not  seriously  interfere  with 
the  operation  of  signals,  as  leakages  up  to  60  per  cent,  exist  without  such 
serious  interference. 

It  is  to  be  regretted  that  determinations  of  resistance  were  not  made 
with  wet  ties  or  with  ties  and  rails  partially  immersed  in  water,  as  is  some- 
times the  case  in  practice,  for  it  is  believed  that  under  such  conditions  the 
leakage  current  would  probably  be  sufficiently  large  to  interfere  with  the 
successful  operation  of  relays. 

As  a  final  conclusion,  it  should  be  noted  that  since  the  above  results 
show  only  a  reduction  in  resistance  of  a  tie  of  from  26  to  53  per  cent, 
when  treated  with  zinc  chloride,  depending  upon  the  percentage  of  mois- 
ture, while  a  change  of  resistance  by  the  ratio  of  25  to  i  may  be  effected 
by  varying  the  kind  of  wood,  a  change  of  33  to  i  by  varying  the  pressure 
upon  the  tie  sufficiently,  and  of  3.7  to  i  by  temperature  changes,  it  follows 
that  the  treatment  of  ties  with  preservatives  should  not  interfere  with  the 
operation  of  signal  circuits,  except  possibly  in  exceptional  cases  in  which 
the  resistance  of  the  leakage  paths  is  abnormally  low  from  other  causes. 


DISCUSSION. 

(In  the  absence  of  the  Chairman  of  the  Committee  on  Wood  Pres- 
ervation, the  report  was  presented  by  the  Vice-Chairman,  Mr.  W.  K. 
Courtenay,    Chief   Engineer,   Louisville   &   Nashville.) 

Mr.  Courtenay: — It  is  unfortunate  that  the  keen  interest  of  the  Chnir- 
man  of  this  Committee  in  the  Panama  Canal  has  prevented  his  appear- 
ance to-day. 

The  Vice-Chairman  has  ?n  apology  to  make.  The  Committee  re- 
quests that  no  consideration  be  given  at  this  time  to  Conclusion  (i) 
"That  the  revised  specification  for  creosote  oil  be  adopted  for  publica- 
tion in  the  Manual."  In  the  various  meetings  of  the  Committee,  there 
was  some  misapprehension  among  different  members  as  to  the  effect 
and  purport  of  the  modification  of  the  specification  for  creosote  oil.  It  is 
therefore  the  request  of  the  Committee  that  the  Association  refer  that 
conclusion  back  to  the  Committee  for  future  consideration. 

The  Committee  likewise  would  desire  to  withdraw  from  the  consider- 
ation of  the  Association  Appendix  A.  If  this  request  of  the  Committee 
be  approved,  there  only  remains  for  consideration  by  the  Association 
Conclusion  (2)  "That  the  two  paragraphs,  pp.  60  and  71,  recommending 
the  selection  of  a  section  of  track  for  testing  the  life  of  ties,  and  recom- 
mending the  framing  of  timbers  before  treatment  be  added  to  the  recom- 
mended practice  of  the  Association." 

The  President: — If  there  is  no  objection,  the  recommendation  to  the 
Committee,  that  Conclusion  i  be  withdrawn,  will  1)e  carried  out.  The 
purpose  of  that  is  to  afford  the  Committee  time  for  reconsidering  the 
specifications  for  creosote  oil.  The  Committee  is  willing  under  -Conclusion 
2,  that  the  recommendation  with  reference  to  the  selection  of  track  for 
testing  the  life  of  ties  be  submitted  to  the  Board  of  Direction  for  its 
action.  If  the  convention  is  willing  to  turn  that  over  to  the  Board  of 
Direction  without  taking  action  here,  it  will  be  so  ordered. 

The  recommendation  of  the  Committee  in  Conclusion  2,  that  the 
framing  of  timbers  before  treatment  be  added  to  the  recommended  prac- 
tice of  the  Association,  is  now  the  question  before  the  convention.  If 
there  is  no  objection,  it  will  be  open  for  discussion. 

Mr.  C.  E.  Smith  (Missouri  Pacific)  :— I  submit  it  is  not  practicable 
in  all  cases  to  frame  the  timbers,  including  the  boring  of  holes,  before 
treatment.  It  is  i)ossib!e  to  do  so  in  many  cases,  but  in  a  number  of  casps 
it  is  not.  Take,  for  example,  a  cap  on  a  pile  bent.  It  wouUl  not  be  prac- 
ticable to  bore  the  holes  for  the  connection  of  the  sway-braces  before  they 
are  i)ut  on.  It  would  not  be  practicable  to  bore  the  holes  for  the  chord 
bolt  through  the  stringers.     I  think  the  Committee  should  specify  a  treat- 
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ment  for  such  surfaces  of  timber  as  must  be  worked  in  the  field  after  the 
timbers  have  been  treated. 

The  President: — Attention  is  called  to  page  71,  last  clause,  "all 
bridge  material  intended  for  treatment  should  be  framed,  as  far  as  pos- 
sible, before  timbers  are  placed  in  the  treating  cylinder.  This  includes 
the  boring  of  the  necessary  holes."  A  portion  of  that  clause  answers  Mr. 
Smith's  question. 

Mr.  C.  E.  Smith: — The  second  point  is  that  the  Committee  should  be 
instructed  to  bring  in  a  recommendation  for  the  treatment  of  such  sur- 
faces as  must  be  prepared  in  the  field. 

Mr.  Courtenay : — The  Committee  is  willing  to  consider  that ;  the  only 
thing  that  can  be  done  is  to  mop  such  surfaces  with  creosote  oil,  which  is 
a  very  simple  process. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — Where 
it  is  necessary  to  bore  holes  in  timber  after  they  have  been  treated,  if  the 
holes  are  vertical,  they  should  be  plugged  and  filled  with  creosote,  and  the 
creosote  allowed  to  soak  in.  Where  it  is  necessary  to  frame  small  timbers 
which  can  be  handled,  it  will  be  found  the  best  treatment  to  immerse 
the  framed  end  in  hot  creosote,  permitting  it  to  remain  for  about  twenty 
minutes,  taking  it  out,  and  immersing  it  in  cold  creosote,  and  permitting 
it  to  remain  a  similar  length  of  time.  That  cannot  be  done  where  you 
saw  off  the  end  of  piles,  and  in  the  case  of  large  timbers — nothing  but 
mopping  can  be  done  there;  but  the  question  in  mind  is  one  of  such  impor- 
tance that  something  better  than  mopping  should  be  insisted  upon,  if  it  is 
possible  to  do   so. 

Mr.  Courtenay:— The  Louisville  &  Nashville  Railroad  has  been  using 
creosoted  timber  in  its  trestle  structures  on  a  considerable  scale  since 
1876.  For  that  reason,  our  bridge  supervisors  have  accumulated  a  great 
deal  of  experience  with  this  material.  We  have  adopted  various  expedi- 
ents and  endeavored,  so  far  as  possible,  to  frame  creosoted  material  be- 
fore it  is  creosoted,  and  have  gone  to  the  length  of  taking  green  timber, 
framing  it,  regularly  erecting  it  in  the  structure,  to  insure  a  fit,  and  then 
taking  it  down  to  creosote  it.  After  a  long  observation  in  the  use  of 
creosoted  bridge  timber,  we  find  that  good-heart  yellow  pine  is  almost 
impenetrable — that  we  can  hardly  get  a  penetration  of  the  creosote  of 
more  than  ^  in.  We  have  creosoted  timber  in  these  structures  which 
has  been  there  since  1876,  and  is  apparently  very  good  to-day.  We  have 
tried  mopping  the  ends  of  creosoted  timbers,  cut  in  the  field  for  framing, 
with  hot  creosote  oil,  and  endeavored  to  get  information  about  the  effi- 
ciency of  that  by  inquiry  of  our  various  supervisors  of  bridges  and  build- 
ings over  about  fifteen  divisions.  There  is  a  difference  of  opinion  as  to 
whether  it  is  effective.  Many  say  it  is  not  effective,  and  others  say  that 
it  is,  but  in  the  light  of  our  experience,  it  is  the  best  thing  we  have  been 
able  to  devise,  at  reasonable  cost,  to  protect  timber  which  has  had  the 
outer  creosoted  portion  cut  through  so  as  to  expose  the  untreated  wood. 

Mr.  C.  E.  Smith: — I  would  like  to  refer  again  to  the  matter.  I  do 
not  think  this   Association   should   express   its  approval   of  putting   frame 
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timbers  in  a  structure  and  then  taking  them  out  and  shipping  them  to  some 
point  for  treatment. 

Mr.  Courtenay: — That  was  not  made  as  a  recommendation  of  the 
Committee. 

Mr.  C.  E.  Smith:— I  trust  the  CoTiimittee  will  amplify  this  portion  of 
the  subject  by  giving  some  method  of  treatment  in  the  field. 

Mr.  J.  B.  Jenkins  (Baltimore  &  Ohio)  :— I  do  not  think  the  considera- 
tion of  that  should  affect  the  adoption  of  this  conclusion.  This  conclu- 
sion merely  relates  to  framing  as  far  as  possible,  and  other  cases  can  be 
taken  care  of  by  the  Committee  in  subsequent  reports.  I  move  the  adop- 
tion of  this  section. 

The  President: — It  is,  nevertheless,  a  matter  of  great  importance 
to  the  members  of  the  Association.  We  can  spend  a  lot  of  money  creo- 
soting  our  material,  and  then,  if  we  cut  it  up  in  the  field  and  practically 
destroy  the  effectiveness  of  the  creosoting  treatment,  that  is  not  true 
economy. 

Mr,  McDonald:— If  Mr.  Robinson  is  present,  I  would  like  him  to 
describe  the  success  he  has  had  in  the  mopping  of  the  heads  of  piles 
on  the  Galveston  viaduct. 

Mr.  C.  F.  W.  Felt  (Santa  Fe)  :— Being  called  upon  in  the  absence 
of  Mr.  Robinson,  I  will  say  that  this  is  a  case  where  we  used  the  Marine 
tieatment.  We  have  had  no  trouble  with  decay  at  that  bridge.  We  used 
the  24-lb.-per-cubic-foot  treatment.  It  is  our  rule  to  mop  the  timbers 
with  hot  creosote  and  also  with  asphalt  on  the  ordinary  creosoted  trestle 
or  ballast  deck  construction. 

Mr.  Courtenay :— If  the  Association  wishes  to  give  the  time,  I  will 
give  some  information.  In  1882  a  pier  was  constructed  at  Pensacola,  Flor- 
ida. Alongside  of  that  pier  there  were  a  number  of  mooring  piles  stand- 
ing high  above  the  pier.  The  tops  of  the  piles  were  exposed  to  the  sun. 
They  were  necessarily  cut  off  to  the  proper  height  above  the  top  of  the 
pier.  The  tops  of  the  piles  were  mopped  with  creosote  oil,  and  in  addi- 
tion had  a  thick  covering  of  hot  pitch,  and  we  mixed  some  lime  with  it. 
In  1887  the  heart-wood  in  the  tops  of  a  number  of  these  mooring  piles 
was  so  rotten  that  a  man  could  pick  out  a  conical-shaped  plug  with  his 
fingers.  Other  piles  lasted  much  better.  Nearly  all  of  them  are  exposed 
to  the  rays  of  the  sun.  When  a  pile  is  creosoted,  and  driven,  and  the  top 
of  the  pile  is  cut  off  to  get  proper  bearing  for  the  cap,  the  top  of  the 
pile  under  these  conditions  does  not  rot.  We  had  creosoted  timber,  heart 
pine,  put  in  trestle  structures  between  Mobile  and  New  Orleans,  covered 
with  2  ft.  of  sand,  put  there  in  1886.  and  the  timber  is  good  to-day. 
As  far  as  I  know,  they  are  the  first  ballasted  deck  trestles  constructed. 
Creo-sotcd  wood,  placed  in  such  a  manner  as  to  be  protected  from  the 
action  of  the  sun,  will  last  longer  than  when  not  so  protected.  Our 
experience  is  that  spike  holes  in  the  sides  of  the  piles  will  not  iuirt  thctu 
nuich,  but  if  the  piles  are  sized  after  being  treated  and  driven,  in  order 
to  make  the  bracing  fit  better,  they  are  greatly  injured. 

The  President: — If  there  is  no  further  discus.^^ion,  the  Committee  will 
be  relieved,  with  the  thanks  of  tlic  Association. 


REPORT  OF  COMMITTEE  I.— ON  ROADWAY. 

(Bulletin  131.) 

To  the  Members  of  the  American  Raihvay  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  on  Roadway  respectfully  submits  its  twelfth  annual 
report. 

Subjects  assigned  by  the  Board  of  Direction  to  the  Committee  were 
as  follows : 

(i)  Consider  revision  of  the  Manual;  if  no  changes  are  recom- 
mended, make  statement  accordingly. 

(2)  Collect  all  known  formulas  for  determination  of  size  of  water- 
ways and  tabulate  them  in  such  manner  that  they  may  be  intelligently 
compared.  Also  consider  whether,  by  the  introduction  of  factors  suiting 
local  conditions,  a  general  formula  for  waterway  areas  could  not  be  used 
in  all  cases. 

(3)  Unit  pressures  allowable  on  the  roadbed  of  different  materials. 

(4)  Tunnel  construction  and  ventilation. 

(5)  Investigate  and  report  on  the  question  of  agricultural  drainage 
in  levee  and  marsh  districts  as  they  affect  railroads : 

(a)  Laws  and  assessments. 

(b)  Methods    of    construction    of    drainage    channels    through 

railroads. 

(6)  Make  concise  recommendations   for  next  year's  work. 
Sub-committees  were  appointed  to  consider  the  different  subjects,  as 

follows : 

(1)  Revision  of  Manual : 

S.  B.  Fisher,  Chairman; 
Duncan  MacPherson, 
J.  R.  W.  Ambrose, 
H.  J.   Slifer. 

(2)  Formula  for  VVaterwriys  : 

W.  D.  Pence,  Chairman  ; 
John  C.  Beye, 
J.  A.  Spielmann. 

(3)  Unit  Pressures  on  Roadbed: 

W.  M.  Dawlcy,  Chairman  ; 
Moses  Burpee, 
J.  G.  Sullivan, 
Walt  Dennis. 
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(4)  Tunnel  Construction  and  Ventilation: 

J.  E.  Willoughby,  Chairman ; 
D.  J.  Brumley, 
C.  Dougherty, 
W.  P.  Wiltsee. 

(5)  Drainage  Districts: 

W.  C.  Curd,  Chairman ; 
R.  C.  Young, 
Paul  Didier, 
J.  C.  Sesser. 

(6)  Recommendations  for  191 1 : 

The  entire  Roadway  Committee  to  consider  this  subject  and 
each  member  to  send  suggestions  to  the  Chairman. 

The  sub-committees  report  progress  during  the  year  as  follows: 

(l)      REVISION    OF   THE    MANUAL. 

The  Sub-Committee,  S.  B.  Fisher,  Chairman,  has  several  changes  to 
suggest  for  the  Manual,  more  especially  in  the  matter  of  revising  defi- 
nitions, and  would  report  progress.  The  Committee  expects  to  make 
its  recommendations  in  the  future. 

(2)     FORMULAS    FOR    WATERWAYS. 

The  Sub-Committee  on  Formula  for  Waterways  has  made  a  very 
thorough  investigation  of  all  known  formulas  and  reports  as  follows : 

SIZE    OF    WATERWAYS. 

The  instructions  of  the  Board  of  Direction  to  the  Roadway  Committee 
(Bulletin  No.  122,  April,  1910)  include  the  following  item  relating  to  the 
determination  of  the  size  of  waterways  for  culverts  and  bridges : 

"Collect  all  known  formulas  for  determination  of  size  of  waterways 
and  tabulate  them  in  such  a  manner  that  they  may  be  intelligently  com- 
pared. Also  consider  whether,  by  the  introduction  of  factors  suiting  local 
conditions,  a  general  formula  for  waterway  areas  could  not  be  used  in 
all  cases." 

Acting  under  substantially  these  same  instructions  during  the  previous 
year,  the  sub-committee  charged  with  this  matter  compiled  a  large  amount 
of  valuable  material,*  much  of  it  then  freshly  gathered  from  the  members 
of  the  Association,  relating  to  current  practice  in  connection  with  fixing 
the  size  of  waterways.  As  a  result  of  the  studies  made  up  to  that  time 
the  Roadway  Committee  submitted  to  the  annual  convention  in  March, 
1909,  the  following  preliminary  or  tentative  conclusions  which  were  adopted 
by  the  Association : 

"(i)  In  determining  the  size  of  a  given  waterway,  careful  consider- 
ation should  be  given  to  local  conditions,  including  flood  height  and  flow, 
size  and  behavior  of  other  openings  in  the  vicinity  carrying  the  same 
stream,  characteristics  of  the  channel  and  of  the  watershed  area,  climatic 


•See  Proceedings,  Vol.  10  (1909),  pp.  967-1022. 
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conditions,  extent  and  character  of  traffic  on  the  given  Hne  of  road  and 
probable  consequences  of  interruptions  to  same,  and  any  other  elements 
likely  to  affect  the  safety  or  economy  of  the  culvert  or  opening. 

"(2)  (a)  The  practice  of  using  a  formula  to  assist  in  fixing  the 
proper  size  of  the  waterway  in  a  given  case  is  warranted  to  the  extent 
that  the  formula  and  the  values  of  the  te.rms  substituted  therein  are  known 
to  fit  local  conditions. 

"(b)  Waterway  formulas  are  also  useful  as  a  guide  in  fixing  or 
verifying  culvert  areas  where  only  general  information  as  to  the  local 
conditions  is  at  hand. 

"(c)  The  use  of  such  formulas  should  not  displace  careful  field 
observation  and  the  exercise  of  intelligent  judgment  on  the  part  of  the 
engineer. 

"(d)  No  single  waterway  formula  can  be  recommended  as  fitting  all 
conditions  of  practice." 

The  concluding  paragraph  (d)  of  the  foregoing  conclusions  represented 
the  practically  unanimous  opinion  of  the  members  of  the  Roadway  Com- 
mittee, but  it  seemed  desirable  in  view  of  the  widespread  interest  displayed 
in  the  inquiry  that  the  matter  should  be  the  subject  of  some  further 
study.  To  this  end  it  was  suggested  to  the  Board  that  the  topic  should 
again  be  assigned,  and  this  was  done,  as  already  indicated. 

The  studies  during  the  past  year  have  taken  the  form  of  an  extended 
library  search  made  for  the  purpose  of  bringing  together  "all  known  formu- 
las for  determining  the  size  of  waterways"  as  nearly  as  practicable  in  con- 
formity with  the  Board's  instructions.  After  some  discussion,  approval 
was  given  to  the  plan  of  undertaking  these  further  compilations  through 
the  medium  of  a  thesis  investigation  under  the  direction  of  Prof.  W.  D. 
Pence,  chairman  of  the  sub-committee  having  the  investigation  in  charge, 
the  work  being  performed  by  A.  F.  Gilman  and  G.  W.  Chamberlin,  senior 
students  in  civil  engineering  in  the  University  of  Wisconsin  (1909-1910). 
The  results  of  their  investigations,  in  somewhat  condensed  form,  is  sub- 
mitted as  Appendix  A  to  the  present  report.  The  inquiry  began  with  a 
general  survey  of  the  literature  of  the  subject,  and  this  was  supplemented 
among  other  features  by  a  critical  examination  into  the  merits  of  the 
so-called  "Dun  Waterway  Data"  as  a  means  of  approach  to  the  deriva- 
tion of  the  general  waterway  formula  contemplated  in  the  Board's  in- 
structions. 

Although  the  matter  thus  brought  together  is  lacking  in  complete- 
ness in  certain  of  its  aspects,  the  results  were  deemed  worthy  of  preserva- 
tion in  permanent  form  as  a  progress  report  upon  the  subject,  especially 
in  view  of  the  increasing  interest  displayed  in  this  matter  by  engineers 
engaged  both  in  the  dimensioning  of  proposed  new  structures  for  carry- 
ing water  through  the  roadbed  and   in  defending  their  older   structures 

under  the  fire  of  court  attack. 

Your  Committee,  after  careful  consideration  of  the  results  of  its  fur- 
ther investigations,  although  not  prepared  to  modify  the  conclusions  here- 
tofore submitted  to  the  Association  that  "no  single  waterway  formula 
can  be   recommended   as   fitting  all   conditions   of   practice,"   nevertheless 
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The  above  classification  by  states  Is  for  convenience  only,  and  merely  denotes  the  general  charac- 
teristics of  topography  and  rainfall. 

Column  2  in  this  table  is  prepared  from  observations  of  streams  in  Southwest  Missouri,  Eastern 
Kansas.  Western  Arkansas  and  the  southeastern  portions  of  the  Indian  Territory.  In  all  this  region 
steep,  rocky  slopes  prevail  and  the  soil  absorbs  but  a  small  percentage  of  the  rainfalls.  It  indicates 
larger  waterways  than  are  required  in  Western  Kansas  and  level  portions  of  Missouri,  Colorado,  New 
Mexioo  and  Western  Texas. 
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feels  warranted  in  calling  particular  attention  to  certain  relationships 
which  give  much  promise  in  the  direction  of  such  general  formula.  The 
relationships  referred  to  are  best  illustrated  by  introducing  a  graphical 
chart  of  the  waterway  data  gathered  by  the  late  James  Dun  in  his 
exhaustive  analysis   of  the   practice   of   the    Santa    Fe    System,    covering 


1000 


Drainage  Area,  Sq.  Mi. 

Fig.  2.     Suggestion  as  to  General  Relationship  of  Waterway  Formu- 
las Proposed  by  Various  Authorities. 

many  years'  observation  of  the  behavior  of  actual  waterway  openings 
under  the  widest  possible  range  of  conditions.  These  Dun  figures  are 
reproduced  in  numerical  form  in  Table  i,  and  graphically  in  Fig.  i,  cov- 
ering the  remarkable  sweep  of  watershed  area  ranging  from  o.oi  square 
mile  (6.4  acres)  to  6,500  square  miles  (4,000,000  acres),  and  of  waterway 
areas  from  2  square  feet  to  upward  of  15,000  square  feet  cross-section. 

In  attempting  to  reconcile  the  widely  varying  values  of  exponents 
applied  to  the  values  of  watershed  areas  in  the  various  formulas  pro- 
posed for  calculating  culvert  areas,  it  has  been  suggested  in  a  previous 
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report  of  this  Committee  (1909  Proceedings,  p.  976)  that  the  various 
autherities  may  have  been  dealing  with  run-off  data  observed  from  water- 
shed areas  of  widely  varying  characteristics  and  shapes.  The  basis  of  this 
suggestion  is  illustrated  in  Fig.  2,  where  the  roughly  drawn  curve  is 
intended  to  represent  in  a  hypothetical  or  tentative  way  the  general  re- 
lationship referred  to. 

Fig.  3  is  likewise  submitted  to  illustrate  graphically  the  effect  of  a 
variation  in  the  value  of  the  coefficient  for  a  given  value  of  the  exponent; 
the  exponent  used  in  this  case  being  three-fourths  (M),  the  value  adopted 
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Fig.  3.     Diagram  Showing  Effect  of  Varying  Value  of  Coefficient  in 
Waterway  Formula. 


by  Talbot  in  his  adaptation  to  American   railway  practice    (1887)   of  the 
run-off  formula  of  the  Swiss  engineer  Burkli-Ziegler    (1880). 

It  should  be  stated  that  the  Committee  has  not,  as  yet,  given  more 
than  casual  consideration  to  the  hydraulic  features  of  the  culvert  proper. 
It  is  respectfully  suggested  that  in  the  assignment  of  work  for  the  coming 
year  that  phase  of  the  subject  be  assigned  to  this  Committee  for  investi- 
gation, with  liberty  to  report  further  progress,  if  any,  with  reference  to 
the  general  waterway  formula  contemplated  in  the  Board's  instructions 
for  the  past  two  years. 

CONCLUSIONS. 

From  tlie  foregoing  discussion,  your  Committee  submits  the  following 
conclusions : 

(i)  There  is  a  general  relationship  between  the  best-known  water- 
ways and  run-off  formulas.  Tiiis  relationship  may  be  expressed  by  two 
terms,  a  varying  coefficient  and  a  varying  exponent,  substantially  as  shown 
by  the  accomapnying  diagrams.  Figs.  2  and  3. 
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(2)  The  extent  of  this  relationship  for  large  and  small  areas  is  in- 
dicated by  the  Dun  waterway  data  given  in  Table  i  and  shown  graphically 
by  Fig.  I. 

(3)       UNIT   PRESSURES   ON  ROADBED. 

This  Sub-Committee  has  compiled  considerable  data  and  will  hold  a 
joint  meeting  with  the  Ballast  Committee  to  consider  this  subject  on 
Monday,  March  20,  191 1.  Their  data  with  the  conclusions  of  the  Com- 
mittee will  probably  be  published  in  a  later  Bulletin. 

(4)       TUNNEL     CONSTRUCTION     AND     VENTILATION. 

This  Sub-Committee  would  report  progress  and  expects  very  soon  to 
issue  a  circular  to  the  Association  requesting  information  in  regard  to 
current  practice. 

(5)       DRAINAGE  DISTRICTS. 

The  Sub-Committee  dealing  with  this  subject  has  made  an  exhaustive 
study  of  the  laws  of  the  various  States  and  has  compiled  a  complete  list 
of  the  laws  of  the  following  states : 

Arkansas,  Alabama,  Arizona,  Florida,  Georgia,  Virginia,  Kentucky, 
Idaho,  Maine,  Texas,  New  Mexico,  Tennessee,  Mississippi,  New  York, 
Michigan,  South  Carolina  and  North  Carolina. 

The  following  States  have  no  drainage  laws  in  effect : 

Colorado,  Connecticut,  Massachusetts,  New  Hampshire,  Rhode  Island, 
Utah,  Vermont  and  Wyoming. 

As  these  laws  are  very  voluminous,  the  Committee  decided  not  to 
publish  them  in  the  Proceedings  until  they  have  been  abstracted,  and  the 
Sub-Committee  is  now  making  up  a  compilation  with  that  portion  of  the 
laws  which  affects  railroads.  This  we  also  hope  to  publish  in  a  later 
Bulletin. 

(6)       RECOMMENDATIONS    FOR     IQII. 

The  Committee  would  recommend  continuing  each  of  the  subjects 
assigned  for  the  past  year,  with  the  exception  of  Sub-Committee  II — For- 
mula for  Waterways,  and  for  this  the  Committee  would  substitute  the 
study  of  "Hydraulic  Features  of  Culverts  and  Waterways,"  to  be  con- 
tinued as  a  supplement  to  the  subject,  "Formula  for  Waterways." 

During  the  year  there  have  been  two  meetings  of  the  General  Com- 
mittee, one  on  November  29,  which  was  attended  by  the  following  mem- 
bers:  W.  D.  Pence,  J.  E.  Willoughby,  W.  P.  Wiltsee,  R.  C.  Young  and 
G.  H.  Bremner. 

On  December  30  the  General  Committee  held  a  joint  meeting  with 
the  Committee  on  Iron  and  Steel  Structures,  under  instructions  from  the 
Board  of  Direction  to  bring  about  a  joint  recommendation  to  the  Associa- 
tion as  to  the  point  from  which  clearances  should  be  adopted.  At  this 
meeting  the  following  members  of  the  two  committees  were  present :  G.  H. 
Bremner,  Chairman  of  the  Roadway  Committee;  .S.  B.  Fisher,  Vice-Chair- 
man  of  the  Roadway  Committee ;  C.  H.  Cartlidge,  Chairman  of  the  Com- 
mittee on  Iron  and  Steel  Structures,  and  J.  A.  Bohland,  of  the  latter 
Committee.      At    this    meeting   it    was    concluded    to    recommend    to    the 
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Board  of  Direction  that  in  the  report  of  the  Committee  on  Iron  and  Steel 

Structures  there  be  added  to  paragraph   2  of  the   specifications  the   fol- 
lowing : 

"The  height  of  rail  shall,  in  all  cases,  be  assumed  as  six  inches." 

In  the  report  of  the  Committee  on  Roadway  and  the  conclusions  printed 

therefrom    and    submitted    to    the    Association    for    approval,    we    would 

recommend  that  the  same  words  be  added  at  the  end  of  paragraph  i,  and 

that  in  the  diagrams  the  dimension  six  inches  from  top  of  rail  to  top  of 

tie  be  inserted. 

Respectfully  submitted, 

Geo.  H.  Bremner,  Engineer,  Illinois  District,  Chicago,  Burlington  &  Quincy 
Railway,  Chicago,  111.,  Chairman. 

S.   B.  Fisher,   Chief  Engineer,  Missouri,   Kansas   &  Texas   Railway,    St. 
Louis,  Mo.,  V ice-Chairman. 

J.  R.  W.  Ambrose,  Assistant  Engineer,  Grand  Trunk  Railway,  Montreal, 
Canada. 

John  C.  Beye,  Locating  Engineer,  Chicago,  Rock  Island  &  Pacific  Railway, 
Chicago,  111. 

D.  J.  Brumley,  Engineer  of  Construction,  Illinois  Central  Railroad,  Chi- 
cago, 111. 

Moses  Burpee,  Chief  Engineer,  Bangor  &  Aroostook  Railroad,  Houlton, 
Maine. 

W.  C.  Curd,  Assistant  Engineer,  Missouri  Pacific  Railway,  St.  Louis,  Mo. 

W.  M.  Dawley,  Assistant  Engineer,  Erie  Railroad,  New  York,  N.  Y. 

Walt  Dennis,  Ofiice  Engineer,  Kansas  City   Southern  Railway,  Kansas 
City,  Mo. 

Paul  Didier,   Principal  Assistant  Engineer,   Baltimore  &  Ohio  Railroad, 
Allegheny,    Pa. 

C.  Dougherty,  Chief  Engineer,  Cincinnati,  New  Orleans  &  Texas  Pacific 
Railway,  Cincinnati,  Ohio. 

Duncan   MacPherson,  Assistant   Chief   Engineer,   National    Transconti- 
nental Railway,  Ottawa,  Ont. 

W.  D.  Pence,  Professor  of  Railway  Engineering,  University  of  Wiscon- 
sin, Madison,  Wis. 

John  C.  Sesser,  Assistant  Engineer  Maintenance  of  Way,  Great  Northern 
Railway,  St.  Paul,  Minn. 

H.  J.   Slifer,  General   Manager,   Cliicago   Great  Western    Railroad,   Chi- 
cago, 111. 

J.  A.  Spielmann,  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio  Rail- 
road, Wheeling,  W.  Va. 

J.  G.  Sullivan,  Assistant  Chief  Engineer,  Canadian  Pacific  Railway,  Win- 
nipeg, Man. 

J.  E.  WiLLOUGHBY,  Engincu"  of  Construction,  Louisville  &  Nashville  Rail- 
road, Louisville,  Ky. 

W.   P.  Wiltsee,  Assistant  Engineer,   Norfolk  &  Western   Railway,   Roan- 
oke, Va. 

R.  C.  Young,  CIn'ef  Engineer,  Lake  Supcrit)r  &  Ishnenn'ng  and  Munising 
Railways,  Marquette,  Midi. 

Coiniiiiltrr. 


Appendix  A. 

WATERWAY   FOR   CULVERTS. 

(This  paper  is  a  digest  of  the  material  compiled  in  the  course  of  a 
thesis  investigation  by  A.  F.  Gilman  and  G.  W.  Chamberlin  in  1909-1910, 
under  the  direction  of  Prof.  W.  D.  Pence,  University  of  Wisconsin.  The 
investigation  consisted  in  its  initial  stage  of  a  library  search  for  water- 
way and  run-off  formulas  and  related  matter,  with  a  view  of  throwing 
some  light  on  the  derivation  of  a  formula  for  general  application,  as  indi- 
cated in  the  instructions  of  the  Board  of  Direction  to  the  Roadway  Com- 
mittee. Upon  completing  the  library  search  for  formulas  the  investigation 
was  turned  in  the  direction  of  reconciling  the  various  conflicting  features, 
the  Dun  waterway  data,  based  upon  Santa  Fe  System  practice,  being 
taken  as  a  tentative  basis  of  reference.  Much  of  the  digest  given  below 
consists  of  a  mere  outline  of  the  original  draft  of  the  thesis.) 

HISTORICAL. 

To  avoid  needless  repetition  only  the  major  headings  are  here  given. 
Reference  is  made  to  the  review  of  the  literature  of  the  subject  to  be  found 
in  the  report  of  the  Roadway  Committee,  Proceedings  (1909),  Vol.  10, 
pp.  967-978.  The  principal  steps  in  the  development  of  current  practice 
on  American  railroads  of  using  formulas  as  a  guide  to  the  judgment  in 
fixing  the  size  of  ctilvert  areas  are  the  following : 

1879 — The  first  published  reference  to  the  simple  waterway  formula 
proposed  by  Major  E.  T.  D.  Myers,  contained  in  a  paper  by  Cleeman 
before  the  Engineers'  Club  of  Philadelphia. 

1881 — First  reference  in  American  technical  literature  to  the  run-off 
formula  of  the  Swiss  hydraulic  engineer,  Burkli-Ziegler,  in  report  on 
"Sewerage  Works  in  Europe,"  by  Hering,  to  the  National  Board  of  Health. 

18S6 — Discussion  of  Myers  formula  and  of  the  use  of  waterway  for- 
mulas in  general  by  Wellington  in  editorial  in  Railroad  Gazette;  and  in 
1887,  discussion  by  same  authority  on  the  economics  of  culvert  dimen- 
sions, in  "Economic  Theory  of  Railway  Location"   (pp.  781-783). 

1887 — First  publication  by  Prof.  A.  N.  Talbot  of  his  formula  for  cul- 
vert areas,  based  on  the  Burkli-Ziegler  formula,  in  the  Selected  Papers 
of  the  Civil  Engineers'  Club,  University  of  Illinois. 

1897 — Report  of  Committee  on  Waterway  for  Culverts,  W.  G.  Berg, 
chairman,  in  Proceedings  of  American  Railway  Bridge  and  Building  Asso- 
ciation. 

1906 — Symposium  on  methods  of  determining  the  size  of  waterway 
for  culverts,  by  G.  H.  Bremner,  James  Dun  and  others,  in  Journal  of  the 
Western  Society  of  Engineers. 

1909 — Report  of  Roadway  Committee  on  water  for  culverts,  in  Pro- 
ceedings of  American  Railway  Engineering  and  Maintenance  of  Way  Asso- 
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ciation,  including  a  "Digest  of  Current  Practice,"  freshly  gathered  from 
the  members  of  the  Association  (pp.  978-1022). 

COMPILATION  OF  FORMULAS. 

The  following  compilation  of  formulas  for  culvert  areas  and  for  the 
determination  of  run-off  is  believed  tcL  include  all  the  better  known  formu- 
las besides  several  not  customarily  used  by  American  railroad  engineers. 
The  references  indicate  as  a  rule  the  date  and  place  of  first  publication, 
the  brief  explanatory  comments  for  the  most  part  being  roughly  quoted 
from  the  original  articles.  The  nomenclature  is  taken  without  change 
from  the  original  sources. 

The  Myers  Formula.^ 

A  =  c  V^. 
where  A  =  the  area  of  waterway  required,  in  square  feet. 
M  =  the  area  drained,  in  acres, 
c  =  I  as  a  minimum   for  flat  country, 
c  =  1.6  for  hilly  compact  ground. 

c  =  4.o  as  a  maximum  for  mountains,  rocky  country. 
As  already  stated,  Major  Myers  recommended  this  formula  as  apply- 
ing well  to  the  water  courses  which  he  had  been  able  to  examine,  which 
lay  chiefly  on  the  line  of  the  Richmond,  Fredericksburg  &  Potomac  Rail- 
road. 

The  Talbot  Formula}  ^ 

where  A  =  the  waterway  area  necessary,  in  square  feet. 
M  =  the  area  drained,  in  acres. 

This  formula  is  not  intended  for  use  for  drainage  areas  of  more  than 
400  square  miles.  It  was  derived  with  especial  reference  to  areas  under 
77  square  miles  in  size.  As  quoted  previously :  "For  rolling  country  sub- 
ject to  floods  at  a  time  of  melting  snow,  and  with  a  length  of  valley 
three  or  four  times  the  width,  let  c  be  one-third.  For  valleys  with  stream 
longer  in  proportion  to  the  area,  decrease  c.  In  districts  not  affected  by 
accumulated  snow  and  where  the  length  of  the  valley  is  several  times  the 
width,  one-fifth  or  one-sixth  or  even  less  may  be  used.  For  steep  side 
slopes,  especially  where  the  upper  part  of  the  valley  has  a  much  greater 
fall  than  the  channel  at  the  culvert  c  should  be  increased." 

Tills  formula  is  used  very  generally  in  the  southwestern  and  western 
portion  of  this  country  and  appears  to  give  excellent  results  for  the 
smaller  areas. 

The  Peck  Fonnula'  (better  known  as  the  Missouri-Pacific  formula)  : 

Drainage  area  in  acres. 

Area  of  waterway  in  square  feet=:— ■ 

c 
c  varies  from  4  to  6,  depending  on  the  country. 


'  ProoeGrIfnK.s  Kngrs.    Club.   Phlla.,   "Vol.    T,   p.    1  Ifi.   April   5.   1879 

'  Selected  Papers,  Civil  KriRrs.  Club,  III.  ITnlv.,  No.  2,  p.   14,  Mav  28,  1887. 

1  lYocoivllriKs  Ariirr.    Uy.    H.    .<fe    1?.    Assn.,    IS'JT,    pp.    SC-IOO. 

"Letter   to   the  editor   of   tlie   Uy.   Gaz.,    1903,    p.    G7. 
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In  very  mountainous  country,  where  slopes  of  hills  and  mountains  are 
steep  and  abrupt,  c  is  equal  to  4.  In  ordinary  flat  rolling  country,  such 
as  is  found  in  good  agricultural  sections,  c  is  equal  to  6. 

The  Wentworth  Formula? 

a  =  d% 
where  a  =  the  sectional  area  of  the  waterway,  in  square  feet, 
d  =  the  drainage  area,  in  acres. 
This  formula  was  derived  in  connection  with  work  on  the  Norfolk  & 
Western  Railway  and  is  especially  fitted  to  the  conditions  along  that  line, 
and  in  general  to  the  conditions  in  the  Southeastern  States.     In  cases  of 
less  rainfall,  or  if  the  ground  be  quite  flat,  the  author  states  that  the  two- 
thirds  power  of  the  drainage  area  is  too  great  for  the  square  feet  of  area 
needed  in  the  waterway.     In  the  observations  of  Mr.  Wentworth,  60  per 
cent,  of  the  resulting  area  may  be  taken  as  the  lower  limit. 


The  Murpliy  Forvnda} 


Q         Q 

A  =  — 


V       CVRS 
where  A  =  area  of  waterway,  in  square  feet. 
V=:mean  velocity,  in  feet,  per  second. 

R  =  hydraulic  radius  =  range  in  stage  in  time  of  flood.     (See  ex- 
planation below.) 


b        c 

a  +  -  +  - 
n       S 


+  (a-f-)-^ 


1 

S^VR 
S  =  slope  of  surface. 
"It  can  be  shown  that  the  hydraulic  radius 


where  a,  b.  and  c  are  constants  and  n 
is  the  coefficient  of  roughness  of  the 
bed. 


A       /           (I-f2d)X        •. 
R  =  -=( —  -)d (3) 

P       ^(I-f2d)  V  (i^X=)V>/ 

in  which  I  is  the  bottom  width  of  a  trapezoidal  section,  d  is  the  depth 
and  X  is  the  slope  of  the  sides.  It  can  be  seen  from  equation  (3)  that 
for  any  given  values  of  d  and  X,  R  approaches  d  as  I  increases;  for  the 
case  of  floods,  therefore,  it  may  be  assumed  that  R  =  the  difference  in 
stage  between  high  and  ordinary  low  water." 

"This  method  of  finding  the  waterway  at  a  given  place  on  a  stream 
consists  in  finding  the  drainage  area  in  square  miles  above  the  place  under 
consideration,  the  greatest  change  in  stage  of  the  stream  at  this  place 
and  the  slope  of  the  surface.  By  multiplying  the  drainage  area  M  by  q 
(the  maximum  discharge  in  second-feet  per  square  mile  that  is  to  be 
expected  in  that  portion  of  the  country),  we  find  Q;  dividing  Q  by  V 
using  for  R  the  maximum  range  of  stage,  and  for  S  the  measured  slope 


*  "Destructive  Floods  In  the  United  States,  1904,"  by  E.  C.  Murphy,  pp. 
189-193.     U.  S.  Geol.  Surv.  Water  Supply  Paper,  No.  147,  1905. 
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of  surface  of  the  stream,  we  have  the  necessary  area  of  waterway.  The 
greatest  error  in  the  use  of  this  method  will  result  from  an  incorrect  meas- 
urement of  the  slope.  The  formula  calls  for  the  slope  of  surface,  and 
surface  slope  of  a  stream  is  not  necessarily  the  slope  of  the  bed.  The 
slope  is  not  the  same  at  all  stages  nor  always  the  same  for  a  given  stage. 
If  the  place  under  consideration  is  flear  the  mouth  of  a  large  tributary 
the  slope  of  the  main  stream  will  be  affected  by  the  stage  of  the  tributary. 
Overflow  and  flooding  of  lowlands  is  frequently  the  result  of  backwater, 
due  to  reduction  of  surface  slope.  The  smaller  the  slope  used  the  greater 
will  be  the  computed  waterway.  If  there  is  a  possibility  of  the  waterway 
becoming  partly  clogged  with  drift,  logs  or  ice,  or  its  being  in  the  influence 
of  backwater  from  a  tributary,  the  computed  area  must  be  increased  by  a 
liberal  amount." 

The  Dun  Data} 

A  reproduction  of  the  1906  table  may  be  found  in  the  accompanying 
Table  I.  This  data  was  derived  principally  from  observations  made  along 
the  lines  of  the  Santa  Fe  Railway  in  Missouri,  Kansas,  Indian  Territory 
and  Texas. 

The  C,  B.  &  Q.  Formula.^ 

3000  M  , 


3  -f  2  V  M  or  using  V  =  10  ft.  per  second. 

300  M 

A  = rr- 

3  +  2  V  M 
where  Q  =  the  total  discharge  from  the  area  in  cubic  feet  per  second. 
M  =  the  drainage  area,  in  square  miles. 

A  =  the  waterway   in   square   feet,   using  the  velocity  through  the 
culvert  as  10  ft.  per  second. 

The  Cooky  Formula.* 

No.  I.  Q  =  200  M%,  or  A  =  20  M%. 
No.  2.  Q  =  180  M%,  or  A  =  18  M%. 
Notation  is  the  same  as  for  C,  B.  &  Q.  formula. 

The  Tidewater  (Virginia)  Raihvay  Formula.* 

A=o.62M''"', 
where  M  =  area  drained  (watershed)  in  acres. 

A  =  Neat  area  of  waterways,  in  square  feet. 
"Where  the  stream  has  a  flat  fall,  add  30  per   cent. ;   where  double 
openings  are  used,  add  20  per  cent,  to  total  cross-section  area." 


»  Appeared  first  in  blue  print  form  In  1897,  and  In  its  present  full  form 
In  1906  In  the  Jour.  Wes.  Soc.  Engrs.,  p.   146. 

•  Reference'  to  this  formula  may  be  found  In  Mr  ■Rroninor's  p.-nmr  before 
the  Wes.  Soc.  of  Engrs.  in  1906,  Vol.  11,  p.  139. 

'Jour.  Wes.  Soc.  Engrs.,  Vol.  11,  p.  139. 

♦Tidewater  Railway  "Tables  and  Data  for  Estimnto.'^  an. I  Cumparl.son.-^," 
Roanol<e,  Va.,  .lanuary,  190r).     (Blue  print.) 
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The  El  Paso  &  South  Western  Railway  Formula. 

18000 

Q  =  i7V 

A 
where  Q  —  the  maximum  run-off  per  square  mile  of  drainage  area. 
A  =  the  total  drainage  area  in  square  miles. 
This  is  practically  the  formula  by  Mr.  Joseph   P.  Frizell,  which  he 
worked  up  from  the  records  of  flow  over  the  Holyoke  dam,  Massachu- 
setts, for  a  period  of  50  years,  and  it  appears  in  the  original  form  in  his 
book  on  hydraulics. 

As  a  check  on  this  formula  the  following  table  is  used.  It  follows 
Dun's  data  very  closely  and  appears  to  have  been  worked  up  from  the 
Santa  Fe  table : 


Drainage  A 

rea, 

Waterways,* 

Drainage  Area, 

Waterways,* 

Square  Miles. 

Square  Feet. 

Sqi 

lare  Miles. 

Square  Feet. 

0.12 

18.8 

4-6 

353 

0.22 

314 

5.8 

428 

0.40 

5I.O 

7.2 

508 

070 

74.0 

9-5 

628 

I-I5 

102.0 

12.4 

756 

1-55 

134.0 

15.8 

878 

2.00 

170.0 

19.9 

978 

2.50 

209.0 

24.6 

1,088 

3-SO 

280.0 

30.2 

1,199 

The  Lauterberg 

Formula. 

1 

A,,^ 

MJc.^ 

1-,-,,-rr^     ^f     ^ 

1,000,000 

31,530,000 

=  0.03 1 71  ChF 
where  (p  =  average  quantity  discharged  per  second. 
F  =  the  area  drained  in  square  kilometers, 
h  =  the  total  yearly  rainfall  in  inches, 
c  =  0.20  for  marshy  soil. 
=  0.25  for  level  plains. 
=  0.30  for  rolling  ground. 
=  0.35  for  low  hills. 
=  0.45  for  hilly  country  like  the  Ardennes,  the  Odenwald  and  the 

Eifel. 
=  0.5s  for  the  Black  Forest  and  the  Vosges. 
=  0.70  for  high  rocky  mountains. 
Lauterberg  endeavored  to  frame  a  rational  estimate  as  to  the  probable 
discharge  of  streams  by  means  of  the  above  formula,  which  is  based  upon 
data  collected  in  Switzerland. 


•""Waterway  in  sq.  ft.  requirecl  on  steep,  rocky  slope.s  where  very  little 
rainfall  Is  absorbed.  To  be  multiplied  by  co-efficient  c  greater  than  1 
for  exceedingly  .mountainous  country,  and  less  than  1  for  comparatively 
level  country.  C  may  vary  from  0.50  for  flat  country  with  porous  soil  to 
1.50  for  rocky,   mountain   gorges." 

1  Abstract  in  the  Proceedings  Inst.  C.  E.,  Vol.  149,  p.  392,  1887,  from 
Lauterberg's  "Schweizerische  Stromabflussingen."  Bern,  Huber  &  Co., 
1876. 
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The  Fanning  Formula* 

Q  =  20oM^''^ 
where  M  is  the  area  of  watershed  in  square  miles  and 

Q  is  the  vohime  of  discharge  in  cubic  feet  per  second. 

The  Dredge  Formula.^ 

M 

Q  =  1300 


L% 

Notation  the  same  as  in  the  Fanning  formula. 
L  =  the  length  of  drainage  area  in  miles. 

The  Dickens  Forniula.- 

Q  =  c  X  27  MV:=. 
Q  =    200  M%,  for  Madras  Presidency,  India. 
Q  =:     500  M%,  for  Central  Provinces,  India. 
Q  =     825  M%,  for  Bengal  and  Bahar,  India. 
Q  =:  1,200  M'^,  for  Upper  Kaveri,  India. 
Q  =  2,200  M%,  for  Gadamatti,  India. 

Tlie  O'Connell  Formula.' 


Q  =  458  [  V  (640  M  +  4.58)  —  45-8]. 
This  formula  is  best  adapted  to  small  districts. 
The  notation  is  the  same  as  that  of  the  Faiming  formula. 

The  Kuiter  Formula^  (derived  by  Ganguillet  and  Kuttcr  in  1869). 

1 42 1  M 

Q  = = 

0.31 1  +  V  J\l 

This  formula  is  adapted  to  Swiss  streams.     The  notation  is  the  same 
as  that  of  the  Fanning  formula. 


The  Ilering  Formula.' 


D  M  V      D  M  V 

Q  = or 

L  tx 


where  Q  and  M  are  the  same  as  those  of  the  Fanning  formula  and 
L  =  the  length  of  the  river. 
V  =  the  mean  velocity  of  the  stream. 
D  =  the  entire  depth  of  rain  flowing  off  during  a  storm, 
ti  =  the  time  taken  for  a  drop  of  water  falling  near  the  periphery  of 
watershed  to  reach  the  culvert. 


»  F.innlng's   "Water  Supply  Engineering,"    1S78,    p.    C6. 

»  Fiinning's    "Water    Supply   Engineering,"    1878,    p.    6G.     Taken    fmm    (lie 
"Indian    l^rol'e.sslonal   Papers." 

'  Fannlng's   "Water  Supply  Engineering,"   1878,  p.   G6. 

•  Proceedings   Inst.    C.    E..    Vol.    27.    18U8. 
"  Procecfllngs  Inst.    C.   E..   Vol.    71,    1883. 

•  Proceedings  Kngrs.  Club  of  Phlla.,  Vol.  1,  p.   146,  1S70. 
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The  Possenti  Formula.* 

Ca  =  a  coefficient  with  an  average  value  of  i,oio. 

Ra  =  the  depth  of  rainfall  in  inches  for  24  hours. 

M2  =  the  area  of  hilly  or  mountainous  part  of  watershed,  in  square 

miles. 
Ml  ^  the  area  of  level  or  flat  part  of  watershed,  in  square  miles. 
Li  =  the  length  in  miles  of  the  stream  from  its  source  to  the  point  of 
observation. 
This  formula  applies  especially  to  mountain  streams  of  moderate  size 
in  the  Appenines. 

The  Burkli-Ziegler  Formula}  < 

q  r=  c  r  V  s/a 
where  q  =  the  water  reaching  the  sewer  in  cubic  feet  per  acre  per  second, 
r  =  the  average  intensity  of  rain  during  heaviest  fall  in  cubic  feet 

per  acre  per  second, 
s  =  the  general  grade  of  the  drainage  area  in  feet  per  hundred. 
a  =  the  area  drained,  in  acres, 
c  =  a  coefficient,  for  average  areas  it  equals  0.625. 
The  observations  extended  up  to  slopes  of  10  ft.  per  100,  but  were 
limited  to  small  areas  of  less  than  50  acres.     This  formula  is  especially 
applicable  to  sewer  design. 

The  Coghlan  Formula. 

P  =  tc  R'  •• 

where  P  =  the  inches  of  rainfall  discharged  by  stream. 

t  =  a  coefficient  for  time,  the  value  of  which  is  governed  by  the 

length  of  time  the  freshet  lasts. 
c  =  a  coefficient  of  rainfall  varying  with  the  quantity  of  rain. 
R  =:  the  average  daily  rainfall  in  inches  during  the  freshet. 
This  formula  is  applicable  to  drainage  districts  of  moderate  size  in  New 
South  Wales. 

The  following  values  of  t  and  c  and  given  by  the  author : 
Length  of  freshet  in  days.... 350  Value  of  t  in  inches. ..  .2.6 
Length  of  freshet  in  days.... 300  Value  of  t  in  inches. ..  .2.5 
Length  of  freshet  in  days....  250  Value  of  t  in  inches. ..  .2.4 
Length  of  freshet  in  days.... 200  Value  of  t  in  inches. ..  .2.2 
Length  of  freshet  in  days.. ..150  Value  of  t  in  inches.  ..  .2.1 
Length  of  freshet  in  days....  100  Value  of  t  in  inches.  ..  .2.0 
Length  of  freshet  in  days.  ...  50  Value  of  t  in  inches.  ..  .1.9 
Length  of  freshet  in  days....  25        Value  of  t  in  inches. ..  .1.8 

•  Markus,    "Meliorationswesen    in    Italien,"    Vienna,    1881. 

'  This  formula  was  derived  by  Burkli-Zlegler  in  1880  and  brought  to 
this  country  by  Rudolph  Hering  in  1881.  See  Report  National  Board  of 
Health,  1881;  also  Trans.  Amer.  Soc.  C.  B.,  Vol.  10,  p.  362. 


ROADWAY.  497 

Rainfall  in  inches 0.40  Value  of  c  in  inches. . .  .0.95 

Rainfall  in  inches 0.35  Value  of  c  in  inches. . .  .0.90 

Rainfall  in  inches 0.30  Value  of  c  in  inches. . .  .0.85 

Rainfall  in  inches 0.25  Value  of  c  in  inches.  . .  .o.So 

Rainfall  in  inches 0.20     _  Value  of  c  in  inches. . .  .0.75 

Rainfall  in  inches 0.15  Value  of  c  in  inches. . .  .0.70 

Rainfall  in  inches o.io  Value  of  c  in  inches. ..  .0.65 

The  Craig  Formula} 

Q  =  440  X  B  X  N  hyp.  log 

B 

where  Q  =  the  total  discharge  in  cubic  feet  per  second. 

N  =:  c  V  i,  where  v  =  the  velocity  towards  the  culvert  in  feet  per 
second, 
i  =:  the  number  of  inches  of  rainfall. 
c=  the  coeflficient  of  discharge. 
L  =  the  extreme  length  of  the  drainage  area. 
D  =  the  mean  width  of  the  drainage  area. 

The  McMath  Formula^  , , 

Q  =  c  V  V^A*  =  A  c  V  Vs/A 
where  c  =  the  proportion  of  rainfall  that  reaches  sewers. 

V  =  the  number  of  cubic  feet  of  water  falling  upon  an  acre  of  sur- 
face per  second  during  the  period  of  greatest  intensity  of 
rain.     It  is  practically  the  same   as    the   rate  in  inches  per 
hour, 
s  =  the  mean  surface  grade  in   feet  per  thousand. 
A  =  the  area  drained  in  acres. 
Q  =  the  discharge  in  cubic  feet  per  second. 
This  formula  was  derived  with  especial  reference  to  St.  Louis  condi- 
tions. 

The  Chamier  Formula.* 

Q=:64oXRXCXM% 
where  Q  =  the  discharge  in  cubic  feet  per  second. 

R  =  the  average  rate  of  the  greatest  rainfall  anticipated  in  inches 
per  hour   for   such   duration   as   will   allow   the   flood   water 
flowing  to   the   outlet    from   the    farthest    extremity   of   the 
catchment  area. 
c  =  a  coefficient  of  surface  discharge,  giving  the  proportion  of  rain- 
fall that  may  be  expected  to  flow  off  the  surface. 
The  above  formula  has  been  tested  by  Mr.  Chamier  on   streams   in 
India  having  drainage  areas  of  from  20  acres  to  4CX)  square  miles. 


» Proceedlng.s  Inst.    C.   E..    Vol.   80,    p.    211,    1884   to    1885. 
»  Trans.  Amer.  Soc.   C.   E.,  Vol.  ]6,  p.   179.   1886.     "Determination  of   the 
Size  of  Sewers."   R.   E.  McMath. 

»  Proceedings  Inst.    C.   K..    Vol.    134.   p.    313.   1897. 
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The  Cramer  Formula} 

CaRBlTlM  (S.)% 
Q  = 


9+  (0.0658  mR.M)% 

where  Q  =  the  discharge  in  cubic  feet  per  second. 
R3  =  the  mean  annual  rainfall  in  inches. 

61  +  62 

So  = ^  =  the  mean  slope  and  declivity  of  the  whole  basin;  e, 

1 

being  its  average  altitude  in  feet,  e-  being  the  altitude  of  the 
point  of  discharge,  and  1  being  the  average  distance  in  feet 
traveled  by  the  water  from  the  boundaries  of  the  watershed 
to  the  point  of  measurement. 
C3  =  a  variable  coefficient. 
=  186  for  rough  natural  basins  of  rivers. 
=  697  for  smooth,  comparatively  level  and  impervious  areas  like 

well-built  cities, 
m,  depends  on  the  total  area  M,  the  flat  area  F,  which  is  likely 
to  be  inundated  in    freshets,  and  the  mean  annual   rainfall 
R3,  such  relation  being  expressed  by: 

/  709Fn  _ 

m  =  I  —  sin  (  —  tan~^  I  for   the    simple   case   when    F    is    dis- 

^  1^1  R3  ^ 

tributed  in  an  approximately  uniform  manner  throughout  the 
whole  basin,  whereas  if  F  is  concentrated  only  at  the  lower 
end  of  the  basin  we  must  place 
/  i4i8F\ 

m  =  I  —  sin  (  —  tan"'^ ) 

V  M  R3  ^ 

The  Italian  Formulas} 

1819M 

Q= =(i) 

0.31 1  -f  V  M 

2600  M 

Q  = -={2) 

0.31 1  +  V  M 

The  notation  in  these  formulas  is  the  same  as  that  of  the  Fanning 
formula.     No.  i  is  applicable  to  streams  in  northern  Italy,  and  No.  2  to 
small  brooks  in  the  same  region. 
The  Kuichlitig  Formulas.' 


44,000 

q  = h  20  ( O 

M+  170 


127,000 


M  +  370 


+  7-4(2) 


*  Rheinhard's    "Kalendar   fiir   "Wasserbau   Ingenieure,"  Weisbaden,     189S. 
N.  Y.  Assn.  Doc,  124th  Session,  1901,  Vol.  23,  No.  70,  pt.  1,  pf..   £14-964. 
1  Zeitsch.    Oester.    Ing.    &    Arch.    Verein,    1900. 
^N.  T.  Assn.   Doc,   124th   S'ess.,   1901,   Vol.   23,   No.    70,   pi.    1,   ptJ-   641-964. 
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Here  q  =  the  discharge  in  second  feet  per  square  mile,  and  M  =  the 
drainage  area  in  square  miles.  These  equations  were  derived  from  condi- 
tions similar  to  those  in  the  valley  of  the  M'ohawk  River.  They  were 
obtained  from  a  great  amount  of  flood  data  on  both  American  and  Euro- 
pean streams.  Equation  No.  i  gives  the  discharge  during  floods  which  may 
occur  occasionally.  Equation  No.  2  gives  the  discharge  during  floods  that 
occur  but  rarely. 


The  Murphy  Formula} 


46,790 

+  15 


M  +  320 

The  notation  here  is  the  same  as  that  of  the  Kuichling  formulas.  This 
equation  was  derived  from  a  large  amount  of  flood  data  on  streams  of 
the  northeastern  United  States  which  Mr.  Murphy  had  collected. 

The  Gray  Formula. 

Q=-S.89A% 
where  Q  =  the  discharge  in  second  feet  per  acre,  and 
A  =  the  drainage  area  in  square  miles. 

SUMMARY   OF  EXPONENTS. 

The  following  interesting  summary  of  the  exponents  used  in  certain  of 
the  preceding  formulas  was  presented  in  the  Proceedings  of  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association,  p.  976: 

Formula.  Exponent. 

Peck  Formula  (former  Mo.  Pac.  Ry.  practice) i 

Fanning  5/6 

McMath    4/5 

Hawksley;  Burkli-Ziegler ;  Chamicr  ;  Talbot ^4 

Tidewater  ( Virginia)  Railway 7/10 

Churchill- Wentworth  ;  Cooley   2/3 

Myers ;  O'Connell V2 

Dun's  data  from i  to  ^ 

In  his  discussion  of  logarithmic  diagram  of  the  Dun  data.  Prof.  W.  D. 
Pence*  found  that  by  drawing  tangents  to  the  curve  at  various  points 
the  exponents  of  the  equations  of  these  tangents  varied  from  unity  for 
very  small  areas  to  one-half  for  the  largest  areas  drained.  This  is  a 
very  interesting  discovery,  and  it  may  be  that  it  represents  the  law  for 
which  engineers  have  been  continually  looking,  but  without  further  veri- 
fication of  the  Dun  figures  it  is  impossible  to  draw  any  final  conclusion  in 
regard  to  the  matter.  It  would  be  necessary  also  to  investigate  the  effect 
of  the  various  constants  in  the  formulas  on  the  exponents,  which  is  not 
taken  into  account  by  the  above  table. 

»U.  S.  Geol.  Surv.  Wator  Supply  Paper,  No.   147,  p.   1S9.   1905. 
•Proceedings    A.    R.    E.    &    M.    W.    Assn.,    Vol.    10    (1909).    pp.    975.    876. 
1011-1013. 
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COMPARISON  OF  FORMULAS. 

Upon  completing  the  library  search  which  resulted  in  the  foregoing 
compilation  of  waterway  and  run-off  formulas,  a  general  discussion  and 
comparison  of  the  material  thus  brought  together  was  undertaken.  It 
appeared  to  the  investigators  that  something  of  value  might  be  expected 
to  result  from  a  general  study  of  run-off  data  with  reference  to  the  Dun 
culvert  data  gathered  in  the  course  of  many  years'  observation  on  the 
Santa  Fe  System ;  and  the  remaining  time  available  for  the  inquiry  was 
devoted  to  this  end.  This  special  investigation  took  the  form  of  a  further 
library  search  to  gather  the  actual  run-off  data  for  representative  streams 
throughout  the  country.  Had  there  been  available  complete  figures  show- 
ing the  actual  observed  velocities,  the  waterway  cross-sectional  areas  at 
flood  stage  could  be  at  once  determined  for  direct  comparison  with  the  Dun 
values  for  like  watershed  areas.  In  the  absence  of  published  data  as  to  the 
velocities,  it  was  decided  to  reverse  the  process  by  determining  the  hypo- 
thetical velocities  shown  in  the  final  columns  of  the  accompanying  tables*  of 
run-off  data,  designated  "hypothetical  velocity  in  feet  per  second."  These 
velocities  were  calculated  by  first  determining  the  "waterway  required  by 
Dun's  table  in  square  feet"  for  a  corresponding  watershed  area.  An  exam- 
ination, of  these  hypothetical  or  tentative  results,  as  should  be  expected, 
reveals  numerous  inconsistencies,  but  there  is  enough  of  interest  in  the 
compilation  as  a  sidelight  on  the  subject  to  justify  a  critical  study  of  the 
figures.  It  is  also  hoped  that  these  results  may  be  of  some  value  later  on, 
should  it  be  deemed  expedient  to  carry  on  further  studies  in  the  direction 
of  working  out  a  general  basis  for  dimensioning  culvert  areas. 

In  any  event,  quite  aside  from  the  purely  tentative  comparisons  above 
referred  to,  it  is  believed  that  railway  engineers  engaged  in  litigation  on 
waterway  cases  may  find  these  extensive  compilations,  covering  the  run-off 
data  in  some  447  cases,  of  considerable  interest.  It  should  be  further  ex- 
plained that  the  data  included  in  these  tables  relate  to  the  most  reliable 
available  records  that  could  be  found  for  the  designated  points  on  the 
given  streams.  The  drainage  area  given  is  that  above  the  respective  points 
of  measurement.  The  discharge  in  second  feet  per  square  mile  usually 
represents  the  mean  flow  for  the  day  when  the  discharge  was  a  maximum, 
and  it  is  believed  that  in  most  cases  this  is  not  much  below  the  actual 
maximum  flow.  Where  a  period  of  record  is  given,  the  records  of  the 
measurements  made  throughout  that  time  have  been  examined,  and  it  is 
believed  Ihat  the  flood  mentioned  i^  the  maximum  occurring  during  that 
period. 

THE   PERMI.SSIBl.E  VELOCITY. 

In  order  to  judge  even  roughly  as  to  the  consistency  of  the  hypothetical 
velocity  values  above  referred  to,  and  also  for  the  purpose  of  discussing  the 
relationships  of  the  two  general  types  of  waterway  and  run-off  formulas 
in  general  use,  it  became  necessary  to  extend  the  investigation  to  cover 
the  matter  of  current  practice  as'to  "permissible  velocity  of  water  passing 

•Owipg  to  the  great  extent  of  these  tables,  their  publication  is  deferred 
to  the  annual  Proceedings. 
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through  culverts."  It  appears  to  be  a  general  opinion  that  a  velocity  of 
10  ft  per  second  is  not  too  great  to  be  allowed  at  the  infrequent  intervals 
at  which  the  culvert  would  be  called  upon  to  pass  its  maximum  discharge. 
Some  idea  of  the  range  of  opinion  concerning  this  matter  may  be  gained 
from  the  opinions  quoted  below. 

From  Journal  Western  Society  e-f  Engineers,  Vol.  11. 

James  Dun  (p.  147)-  , 

...  "I  have  estimated  by  my  tables,  in  which  1  assume  that  tne 
velocity  under  bridges  in  flood  times  would  be  an  average  of  10  feet  per 
second." 

O.  P.  Chamberlain  (p.  I75)- 

"A  velocity  of  discharge  of  10  feet  per  second  is  commonly  used.  As 
this  velocity  is  much  higher  than  the  actual  veloctiy  in  natural  water- 
courses in  flat  and  rolling  countries,  it  is  clear  that  culverts  and  arches 
so  designed  are  smaller  and  more  economical  than  they  would  be  were 
they  designed  in  accordance  with  the  suggestions  of  Messrs.  Murphy  and 
Alvord." 

Prof.  A.  N.  Talbot   (p.  185).  .     '  ,•    ,  ,    • 

"Generally,  however,  a  wise  choice  of  channel  site  and  a  little  work  m 
changing  the  channel  above  and  below  the  opening  will  make  a  higher 
velocity  available  than  the  average  velocity  of  the  stream.  The  velocity 
used  in  the  discussions  is  10  feet  per  second.  For  the  larger  openmgs  in 
flat  prairie  country  it  is  doubtful  whether  a  velocity  of  to  feet  per  second 
may  usually  be  obtained,  but  in  broken  and  hilly  country,  the  stream  velocity 
during  flood  seasons  may  considerably  exceed  this  amount.  ...  For 
these  smaller  waterways,  liable  to  become  obstructed,  a  velocity  of  10  feet 
per  second  may  be  obtained,  -ven  when  a  slower  velocity,  like  5  ^eet  per 
second,  exists  in  the  stream  above,  by  permitting  the  water  to  head  up  15 
to  2  feet  at  the  entrance  to  the  culvert.  In  the  formula  proposed  by  the 
writer  a  smaller  velocity  than  10  feet  per  second  was  used." 

E.  Duryea,  Jr.  (p.  181). 

"Neither  of  these  velocities  (3-34  feet  per  second  and  i7-i  feet  per 
second)  is  inconsistent  with  flood  conditions  or  beyond  the  limits  met 
within  actual  measurements  by  the  writer." 

G.  H.  Bremner  (p.  187)-  ,  ,    ,. 

"Instead  of  using,  a  velocity  of  discharge  of  10  feet  per  second,  the 
maximum  discharge  which  we  have  fi^^ured  on  has  been  in  some  cases  Q 
feet,  but  usually  8  feet  or  less  for  small  openings."     (C.  B.  S:  Q.  prnoticc.) 

E.  C.  Murphy  (p.  157)- 

Mr.  Murphy  states  that  velocities  of  from  0.6  feet  per  second  to  21.5 
per  second  cover  all  cases  of  flood  flow  of  ordinary  streams. 

Proceedings  American  Ry.  Eng.  :ind  Alaint.  of  Way   .\ssn.    (Vol.   to. 

J.  A.  Atvvood,  Chief  Engineer  P.  &  L.  E.  Ry.  (p.  9^\  "scs  6  feet  per 
second  as  a  maximum  velocity  for  culvert  running  full. 
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T.  E.  Calvert,  Chief  Engineer  C,  B.  &  Q.  Ry.  (p.  985),  gives  10  feet 
per  second  veloctiy,  which  he  evidently  considers  lower  than  the  allowable 
in  firm  soils. 

J.  L.  Campbell,  Chief  Engineer  El  Paso  &  Southwestern  Railway  (p. 
987),  says: 

"Under  ordinary  conditions,  we  assume  velocities  of  from  7  to  10 
ft.  per  second  for  floods,  and  the  velocity  in  the  culverts  from  25  to 
50  per  cent,   in  excess   of  that   in  the  channel   above   or  below.". 

C.  H.  Fake,  Ch.  Engr.  Miss.  Riv.  &  Bonne  Terre  Ry.  (p.  995),  gives 
7  ft.  per  second  as  the  maximum  velocity  to  be  allowed. 

J.  B.  Jenkins,  Ass't  Engr.  B.  &  O.  R.  R.  (p.  998),  says:  "Calculate 
area  of  opening  required  to  carry  water  at  6  ft.  per  second. 

Prof.  W.  D.  Pence  (p.  1013),  quotes  the  following  table  of  "greatest 
velocities  of  the  current  close  to  the  bed  consistent  with  the  stability  of 
various  materials,"  as  observed  by  Du  Buat,  as  a  "basis  for  determining 
the  use  of  paving  cross-walls,  and  other  protective  measures  in  culvert 
construction." 

Material   in    Stream    Bed.  Bottom  Velocity. 

1.  Soft  clay   0.2s  ft.  per  second. 

2.  Fine    sand     0.50 

3.  Coarse  sand,  and  gravel  as  large  as  peas.  .  0.70 

4.  Gravel  as  large  as  French  beans i.oo 

5.  Gravel  i   in.  in  diameter 2.25 

6.  Pebbles  i>4   in.  diameter 3.33    " 

7.  Heavy  shingle   400 

8.  Soft   rock,  brick,  earthenware 4.50 

9.  Rock,  various   kinds    6.00 

He  also  quotes  the  following  table  of  velocities  which  should  not 
be   exceeded   in   channels,    from   the   "Ingcnieurs  Taschenbuch :" 

Velocity,  ft.  per  second 

Materials.                                             Surface.        Mean.  Bottom. 

1.  Slimy    earth    0.49              0.36  0.26 

2.  Clay     0.98             0.7s  0.52 

3.  Firm    sand     1-97              i-Si  i-02 

4.  Pebbly   bed    ^ 400              3.15  2.30 

5.  Boulder   bed    500             403  3-o8 

6.  Conglomerate    of    slaty    fragments..  7.28              6.10  4.90 

7.  Stratified  rocks  8.00              7.45  6.00 

8.  Hard  rocks    M-Oo            12.15  10.36 

Proceedings  Engineers'  Club,  Philadelphia,  Vol.  i. 

Rudolph  Hering  (p.  199)  gives  11  ft.  per  second  as  the  actual 
observed  velocity  through  a  certain  culvert  that  he  has  had  under  ob- 
servation. 

Charles  G.  Darrach  evidently  considers  from  4  to  8  ft.  per  second 
velocities  as  within  the  allowable  limits. 
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Proceedings  American  Railzvay  Bridge  &  Building  Association,  1897. 

A.  J.  Kelley  (p.  94)  of  the  K.  C.  B.  Ry.  mentions  a  case  where  he 
found  the  actual  velocity  through  a  culvert  as  measared  by  floats  was  only 
1.9  ft.  per  second  during  a  flood. 

Proceedings  Institute  of  Civil  Enginccr£. 

George  Chamier    (Vol.    134,  p.  313),   says: 

"Where  a  culvert  or  conduit  is  subject  to  a  constant  discharge,  as 
in  the  case  of  underground  sewers,  it  is  advisable  to  provide  a  slow 
and  steady  flow,  to  avoid  erosion  of  the  material,  or  scouring  away  of 
foundations.  Under  such  circumstances  the  velocity  of  the  stream  is 
generally  limited  to  about  5  ft.  per  second.  But  the  case  is  different 
for  short  waterways  that  may  not  have  to  discharge  a  flood  once  in 
many  years,  and  then  only  for  a  few  hours.  Mountain  streams  and 
flooded  rivers  often  approach  the  openings  with  velocities  of  10  ft.  to 
12  ft.  per  second  and  even  greater,  and  all  waterways  should  be  suitable 
for  carrying  any  stream  at  its  highest  velocity.  There  is  no  reason  why 
flood  openings,  on  such  rare  occasions,  should  not  be  taxed  to  their  utmost 
safe  carrying  capacity,  or  that  culverts  should  not  be  allowed  to  discharge 
under  moderate  pressure.  Care  must  be  exercised,  in  all  cases,  to  secure 
the  foundations  of  structures  from  the  action  of  scour;  but  apart  from 
this,  a  velocity  of  10  ft.  per  second  may  generally  be  safely  allowed.'' 

Colonel  Hutchinson  (Vol.  80,  p.  203),  Ch.  Engr.  of  Oudh,  is  said 
to  have  assumed  a  maximum  possible  velocity  of  5  ft.  per  second  through 
the  waterways  in  his  "Waterways  of  Sye  Bridge,"  Professional  Papers 
on  Indian  Engineering. 

Vol.  80,  p.  205.  The  actual  flood  velocity  under  the  bridge  at  Lock- 
now  is  said  to  have  been  5.4  ft.  per  second. 

Vol.  80,  p.  210.  At  the  crossing  of  the  Bombny  and  Baroda  Railway 
on  the  Nerbudda  river  the  actual  velocity  observed  at  the  center  of  the 
stream  during  a  heavy  flood  in  August,  1867,  was  22  ft.  per  second, 
which  is  probably  the  surface  velocity  and  equal  to  a  mean  velocity  of 
20  ft.  per  second,  which  "is  not  unlikely  to  have  been  the  case." 

Vol.  27,  p.  228.  The  actual  measured  velocity  in  an  extraordinary 
flood  is  given  as  12  ft.  per  second.  For  twelve  days  the  stream  ran 
over  ID  ft.  per  second.  The  mean  surface  velocity  was  10  ft.  per  second. 
The  velocity  of  the  entire  stream  was  upwards  of  9  ft.  per  second. 

P.  2ig.  The  observed  flood  mean  velocity  in  the  Gunjal  river,  India, 
is  given  as  9.2  ft.  per  second,  and  12.2  ft.  per  second.  The  slopes  were  3 
ft.  per  mile. 

U.  S.   Geological  Survey   IVatcr  Supply   Papers. 

Streams  are  those  of  tabic  on  "runoff  data." 

No.  396.  Beaver  Creek,  Chouteau  County,  Montana,  had  a  velocity 
during  flood  of  3  ft.   per  second. 

No.  258.  Pacolct  river,  Pacoltt,  N.  C,  had  a  flood  velocity  of  5.78 
ft.  per  second. 
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No.  281.  Allegheny  river,  Pittsburg,  Pa.,  had  a  velocity  of  ^.^ 
ft.  per  second  in  a  flood  of  1898. 

No.  216.  Susquehanna  river,  McCalls  Ferry,  Pa.,  had  a  maximum 
mean  velocity  in  the  flood  of  March  8,  1904,  of  18  ft.  per  second.  The 
minimum  mean  velocity,  except  in  sections  adjoining  banks,  was  10.2  ft. 
per  second. 

"critical  point"  in  dun  curve.  ■ 

An  inspection  of  the  logarithmic  scale  chart  of  the  Dun  data.  Fig. 
I,  shows  a  curious  break  of  slope  at  a  drainage  area  of  about  four 
square  miles.  The  investigation  included  an  attempt  to  account  for  this 
phenomenon.  Complete  rainfall  data  relative  to  maximum  storms  were 
compiled  for  the  state  of  Kansas  in  the  general  region  where  much  of 
the  Dun  waterway  figures  were  gathered.  The  data  thus  collected  were 
platted  into  diagrams  of  the  customary  type,  and  "intensity-duration" 
curves   for  the   maximum    rainstormr    established. 

Some  tentative  calculations  were  made  bearing  upon  a  few  selected 
situations  near  the  head-waters  of  streams,  for  which  the  government 
contoured  maps  w^ere  available.  The  results  were  consistent  as  far 
as  the  work  was  carried,  although  the  so-called  "critical  point"  was 
not  fully  accounted  for,  due  both  to  lack  of  time  and  to  indefiniteness 
of   the   data    at  hand.     The   matter  is   still   under    investigation. 

OTHER  FEATURES. 

The  thesis  investigation  also  included  a  discussion  of  the  factors 
affecting  maximum  discharge;  economic  features  in  dimensioning  culvert 
areas;  and  legal  aspects  of  the  question.  These  are  omitted  from  the 
present  paper.  There  were  also  gathered  through  correspondence  with 
various  chief  engineers  and  others,  considerable  valuable  data  bearing 
on  the  subject,  much  of  which,  however,  was  received  too  late  to  be  of 
assistance. 


Appendix  B.         ,  -  < '-: 

DATA    ON    THE    MAXIMUM    FLOOD    FLOW    OF    STREAMS    L\ 
\ARIOUS  SECTIONS  OF  THE  UNITED  STATES. 
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Appendix  D. 

RIVER  PROTECTION  WORK. 

(Bulletin    128.) 

By  C.  H.  Miller,  Engineer  River  Protection,  Missouri  Pacific  Railway. 

Those  present  at  the  annual  meeting  of  March,  1909,  will  recall  the 
discussion  with  regard  to  an  additional  conclusion  to  be  placed  under 
the  heading  of  "Slides"  and  having  reference  to  the  restoration  of  the  toe 
of  a  slope  where  that  toe  has  been  scoured  away.  The  Committee  con- 
tended, and  properly  so,  that  this  was  only  a  special  case,  and  was  fully 
provided  for  under  the  general  conclusions,  and  that  to  add  something 
of  this  kind  would  be  a  repetition ;  this  contention  was  sustained  by  the 
convention  as  a  whole. 

The  writer  would  not  only  repeat  this  feature  but  would  call  special 
attention  to  it  by  printing  it  in  boldfaced  type.  There  is  scarcely  any 
other  one  item  in  maintenance  of  way  work  that  is  so  often  handled  in  an 
unnecessarily  expensive  manner;  and  this,  too,  in  many  instances  where 
the  matter  has  been  covered  by  instructions  on  the  subject.  It  is  highly 
desirable  that  we  formulate  instructions  in  our  Manual  that  are  plain  and 
concise,  that  cover  the  subject  thoroughly  and  no  more,  but  it  is  more 
important,  and  our  chief  aim  besides,  to  prevent  a  waste  of  funds.  In 
this  instance  we  seem  to  be  confronted  with  a  condition  requiring  special 
treatment,  and  it  should  be  handled  accordingly,  subject  to  correction  or 
elimination  when  it  is  safe  to  do  so. 

These  notes  apply  particularly  to  slides  taking  place  along  constantly 
flowing  streams  of  moderate  velocity,  and  not  to  the  intermittently  torren- 
tial streams  which  at  times  run  at  the  rate  of  10  ft.  or  more  per  second ; 
these  latter  requiring  special  handling. 

With  such  slides  as  are  under  discussion  it  is  too  often  the  case,  in 
fact  it  seems  to  be  the  rule  rather  than  the  exception,  to  simply  dump 
on  top  of  the  same  sufficient  riprap  to  fill  out  the  sunken  part  so  as  to 
restore  the  original  form  of  the  embankment,  no  effort  being  made  to  place 
riprap  at  the  toe  of  the  slope  and  over  the  same  to  prevent  future  scour 
and  the  consequent  removal  of  the  support  for  the  increased  weight  above. 

The  very  fact  that  a  great  number  of  such  slides  do  hold  to  their  new 
positions  in  spite  of  this  treatment  is  often  cited  as  the  correctness  of  the 
same.  When  a  little  reasoning  would  soon  show  anyone  that  piling  heavy 
material  on  top  of  a  recent  slide  does  not  tend  to  stop  the  sliding,  and 
the  reason  that  it  does  not  at  once  start  it  again  is  probably  due  to  the  fact 
that  the  sliding  material  while  in  motion  went  considerably  past  the  point 
of  equilibrium  before  the  motion  ceased,  and  that  considerable  additional 
weight  would  be  required  to  start  it  as  long  as  the  new  toe  of  the  slope 
remains  intact. 
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A  thin  layer  of  riprap  will  protect  against  erosion  in  the  ordinary 
streams  of  the  Middle  West,  and  so  long  as  there  is  sufficient  additional 
riprap  at  the  toe  of  the  slope  to  protect  against  the  increased  depth  of  scour 
due  to  the  presence  of  the  riprap  or  projection,  a  permanent  protection  is 
secured. 

In  the  case  of  a  double  or  four-track  line,  one  can  well  afford  to  be 
sure  about  this  surplus  by  placing  more  than  would  ordinarily  be  required 
to  cover  the  assumed  additional  slope.  But  most  of  the  roads  operating 
in  the  alluvial  valleys  of  the  West  cannot  at  this  date  well  afford  to  thor- 
oughly protect  with  riprap,  even  if,  which  is  seldom  the  case,  a  secure 
foundation  can  be  found.  It  should  be  quite  evident,  therefore,  that  filling 
in  on  top  of  a  slide  with  riprap  simply  to  restore  an  embankment  is  a  much 
worse  practice;  riprap  costing  not  less  than  twice  as  much  as  a  more 
suitable  material,  namely,  earth,  or,  better  still,  cinders,  because  of  their 
light  weight. 

In  cases  where  water  appears  on  top  of  the  slide,  careful  provision 
should  be  made  so  as  to  allow  it  to  run  off  between  the  top  of  the  slide 
and  the  bottom  of  the  new  filling,  care  being  taken  that  no  pockets  of  any 
kind  that  would  hold  water  are  left  on  top  of  the  slide.  A  very  good 
practice  before  the  filling  is  made  is  to  place  tightly  bound  bundles  of 
straight  brush  so  that  they  will  act  as  drains  to  take  care  of  any  water 
that  may  be  there. 

Among  the  replies  on  the  subject  of  "Slides  and  Washouts"  presented 
by  the  Committee  on  Roadway  as  Appendix  "C"  in  Bulletin  io8,  we  note 
the  statement  that  the  cost  of  revetment  on  the  Mississippi  River  ranges 
from  $60  to  $80  per  linear  foot.  These  figures  being  so  much  above  the 
actual  cost  of  this  class  of  work,  it  is  deemed  advisable  to  present  figures 
taken  from  the  actual  cost  of  works  constructed  under  the  supervision 
of  the  writer  as  well  as  those  from  revetments  of  which  the  writer  has 
intimate  knowledge,  with  the  hope  of  correcting  any  wrong  impression 
that  the  former  figures  may  have  given. 

The  following  figures  are  taken  from  the  published  reports  of  tha 
Chief  of  Engineers,  United  States  Army.  Unfortunately  the  system  of 
reporting  costs  has  not  always  been  uniform  from  year  to  year;  this 
refers  especially  to  the  cost  of  repairing  and  maintaining  the  plant  and 
equipment;  the  costs  of  construction  works  have,  uniformly,  been  kept 
more  accurately.  Where  there  is  a  doubt  as  to  the  actual  expenses,  account 
of  plant,  assumptions  are  made  on  the  safe  side,  or  rather  the  maximum 
figures  are  taken. 

The  same  amount  of  plant,  approximately,  is  maintained  from  year 
to  year,  irrespective  of  the  fact  as  to  whether  or  not  it  is  at  all  times 
worked  to  its  full  capacity  during  the  working  seasons.  When  we  say 
plant,  we  include  docks,  machine  shops,  carpenter  shops,  etc.,  as  well  as 
the  part  of  the  plant  actively  engaged  in  construction  works.  There 
being  such  a  great  difference  in  the  amount  of  construction  work  accom- 
plished in  any  one  year  over  another,  it  has  been  deemed  best  to  take 
the  average  for  a  continuous  period  of  five  years,  and  two  such  periods 
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have  been  arbitrarily  selected  without  any  regard  whatever  as  to  a  great 
or  small  amount  of  work  having  been  done  during  these  periods. 

The  first  and  second  districts  are  combined  under  one  officer  and 
extend  from  Cairo,  111.,  to  the  mouth  of  White  River.  Another  officer 
has  charge  of  the  third  district,  which  covers  the  territory  from  the  mouth 
of  White  River  to  Warrenton,  Miss.,  or  about  eight  miles  below  Vicks- 
burg.  Miss. 

During  the  period  of  1904  to  1908,  inclusive,  there  was  expended  in 
the  first  and  second  districts  an  average  annual  amount  of  $176,957  for 
construction  or  protection  works  (this  includes  $5,015  for  surveys),  and 
$72,119  for  repairs,  care  and  depreciation  of  plant,  the  latter  amount 
being  about  41  per  cent,  of  the  amount  expended  on  the  work.  In  the  third 
district  for  the  same  period  an  average  annual  amount  of  $152,019  (includ- 
ing $5,500  for  surveys)  was  expended  for  protection  works,  and  $45428 
for  repairs,  care  and  depreciation  of  plant,  this  being  about  30  per  cent, 
of  the  money  spent  for  construction. 

Going  back  to  the  period  of  1891  to  1895,  inclusive,  being  a  time  when 
more  work  in  proportion  was  accomplished  with  the  same  or  similar 
plants,  we  have  for  the  first  and  second  districts  an  average  annual  ex- 
penditure of  $311,530  for  protection  works  and  $S3>56i  for  plant,  or  17 
per  cent. ;  and  for  the  third  district  $250,062  and  $58,994,  respectively,  being 
about  24  per  cent.     We   average  these  four   percentages,   getting  28  per 

cent. 

A  very  large  part  of  the  amount  expended  each  year  is  for  repair 
work,  but  in  endeavoring  with  the  information  at  hand  to  arrive  at  the 
proportional  cost  for  maintenance  of  plant  as  compared  with  the  cost  of 
new  work  we  will  assume  that  all  of  the  money  was  expended  for  new 
work,  then  take  the  cost  per  linear  foot  on  such  large  pieces  of  new  work 
where  there  is  no  doubt  about  the  records,  and  add  the  percentage  as 
deduced  above  to  get  the  total  actual  cost  per  foot. 

In  the  first  and  second  districts  we  note  some  new  work  costing  as 
little  as  $18.32  per  linear  foot  and  others  as  much  as  $4308  per  foot. 
While  in  the  third  district  it  varies  from  $27.08  to  $36.31-  We  will  assume 
an  average  of  %Zi ;  now  adding  28  per  cent  we  get  $42.25  per  linear  foot 
as  the  total  cost  of  revetment  work  on  the  Mississippi  River. 

The  present  value  of  one  of  these  plants  is  in  the  neighborhood  of 
$225,000,  the  original  cost  probably  about  $350,000.  The  charges  against 
plant  may  appear  high,  but  as  a  rule  they  include  moneys  spent  for  new 
plant  replacing  worn-out  items;  in  fact  it  is  the  cost  of  maintaining  the 
plant  up  to  a  serviceable  standard  all  the  time. 

Revetment  work  as  now  constructed,  even  under  the  best  known 
plans,  is  not  permanent,  and  must  be  reinforced  and  repaired  from  time 
to  time.  In  many  instances  the  cost  of  repairs  and  replacements  has  been 
several  times  what  it  should  have  been  because  of  the  delay  in  making 
them,  or  because  the  river  was  allowed  to  flank  and  cut  out  much  service- 
able work. 

Very  few  reports  have  been  made  covering  the  average  cost  of  repairs ; 
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but  from  the  1908  report  for  the  third  district  we  abstract  the  following 
facts  or  statements  to  the  effect  that  repairs  and  reinforcements  of  revet- 
ments of  the  approximate  present  value  of  $1,500,000  have  cost  during 
the  past  three  years  an  average  of  $76,700  annually,  or  5.1  per  cent.,  not 
including  maintenance  of  plant,  which  was  about  2.6  per  cent,  annually. 

From  a  professional  paper  discussed  before  the  Memphis  Engineering 
Society  a  year  or  two  ago  we  abstract  the  following  with  reference  to 
what  is  known  as  the  solid  fascine  type  of  mattress  built  in  the  third  dis- 
trict during  the  years  1895  to  1506,  inclusive:  Cost  of  maintenance  and 
repairs,  1.83  per  cent,  per  annum,  and  the  cost  of  plant  depreciation,  0.9 
per  cent.,  or  a  total  of  2.73  per  cent,  per  annum  for  the  ten  years. 

The  mattress  work  on  the  part  of  the  ISIississippi  River  in  question 
varies  from  200  to  300  ft.  in  width,  an  effort  being  made  to  place  all  of 
this  below  the  ordinary  low-water  contour;  in  addition  riprap  paving  is 
placed  on  the  slope  above  this  contour  and  to  a  width  of  from  60  to  100 
ft.,  the  slope  having  previously  been  graded  to  a  uniform  grade. 

Of  the  figures  given  for  the  Missouri  River,  viz.,  $12  to  $20  per  linear 
foot,  the  minimum  is  not  far  wrong,  but  the  maximum  is  much  too  high. 
At  the  present  writing  we  are  placing  standard  revetment  work  in  the 
vicinity  of  Pope,  Kan.,  by  contract  for  approximately  $7  per  linear  foot 
(the  mattress  is  not  being  made  86  ft.  wide,  but  the  unit  prices  have  been 
applied  so  as  to  get  the  cost  for  such  a  mattress).  At  Congo,  Mo.,  two 
years  ago  the  Santa  Fe  Railway  Company  contracted  a  small  piece  of 
revetment  work  which  totaled  about  $10  per  linear  foot.  Both  cases  being 
contracts,  the  prices  given  take  care  of  wear  and  tear  on  plant  as  well  as 
profit. 

All  through  the  reports  of  the  Missouri  River  Commission  one  can 
find  the  costs  of  new  work,  and  they  seldom  go  as  high  as  $10  per  foot, 
being  generally  below  $8;  by  adding  28  per  cent,  for  care,  maintenance  and 
renewal  of  plant  we  still  are  below  the  minimum  of  $12  first  cited. 

Regarding  the  statement  about  the  range  between  high  and  low  water 
being  small  on  the  Missouri  River,  and  referring  to  other  rivers  as  well, 
we  submit  the  actual  figures  which  show  the  extreme  range  of  gage 
heights  at  the  points  mentioned  as  follows : 

Missouri  River:    Kansas  City,  Mo.,  33.5  ft.;  Hermann,  Mo.,  31.3  ft. 

Mississippi  River :  St.  Louis,  Mo.,  42.5  ft. ;  Cairo,  111.,  53.2  ft. ;  Helena, 
Ark.,  54.8  ft.;  Red  River,  La.  (mouth),  50.8  ft. 

White  River:    Jacksonport,  Ark.,  34.5  ft. 

Arkansas  River:    Little  Rock,  Ark.,  33  ft. 

Red  River:    Alexandria,  La.,  42  ft. 

This  extreme  range  rarely  if  ever  occurs  within  any  one  year ;  and 
it  is  safe  in  figuring  that  it  will  be  five  to  ten  ft.,  or  more,  less. 

At  one  place  in  Bulletin  108  mention  is  made  of  a  system  of  anchor 
riprap  for  protecting  caving  river  banks.  This  as  originally  conceived  and 
constructed  consisted  of  a  deflection  dike  or  a  series  of  dikes  placed  along 
the  caving  bank  and  built  of  brush,  wire,  spikes  and  cable  in  such  a  man- 
ner as   to  leave  large  hollow  cells  for  the  collection  of  mud;   not  one 
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pound  of  rock  or  riprap  being  used,  so  therefore  in  this  respect  the  name 
is  a  misnomer.  Some  riprap  is  now  often  used  for  the  top  bank  protection 
as  well  as  to  weight  down  the  dike  if,  when  completed,  there  is  a  consider- 
able part  of  the  same  above  the  surface  of  the  river. 

An  article  by  the  writer  which  was  published  in  Engineering  News 
under  date  of  October  22,  1908,  discusses  this  system  as  compared  with 
other  styles  of  protection  work.  The  following  detailed  description  of  the 
manner  of  building  the  work  is  copied  from  that  article ;  the  cuts  or  figures 
referred  to  were  published  also ;  but  it  is  possible  to  get  an  understand- 
ing of  the  work  without  seeing  the  cuts.  The  brush  for  this  work  need 
not  be  carefully  selected,  but  may  be  quite  variable  as  to  quality,  size  and 
shape.  With  a  supply  of  this  material  on  hand,  we  place  a  layer  6  to  12  in. 
thick,  40  to  100  ft.  long,  and  5  to  10  ft.  wide,  upon  a  barge  or  upon  the 
river  bank,  taking  care  to  have  this  layer  upon  poles  a  proper  distance 
apart  so  that  wire  and  cable  or  strand  can  easily-be  passed  back  and  forth 
underneath  the  whole,  the  brush  to  be  laid  closely  and  with  broken  joints. 
Across  this  layer  or  bed  place  bundles  of  brush  6  to  8  in.  in  diameter, 
7  to  12  ft.  long  and  5  to  10  ft.  apart  as  the  case  may  be ;  the  ends  of  these 
cross  bundles  should  project  about  a  foot  over  each  side  of  the  brush 
bed.  Now  along  each  longitudinal  edge  of  the  bed  and  on  top  of  the  cross 
bundles  place  a  continuous  bundle  or  fascine  of  brush  of  similar  thickness 
to  the  cross  bundles,  next  more  cross  bundles  directly  above  the  others, 
then  longitudinal  bundles,  and  so  on  until  the  whole  is  from  5  to  10  ft. 
high.     In  a  few  words,  build  up  as  though  it  were  a  rail  or  pole  pen, 


Fig.  /. 


David  Neme  Dike  System. 

DETAILS  or  A  FOUNDATION  TASCINE. 


Cross  Section  A-B .     CrdiS  Section  C-D . 


except  that  in  this  case  a  long  pen  with  partitions  is  made,  care  being 
taken  to  have  the  ends  of  the  poles  or  bundles  project  out  a  foot  or  more. 
When  the  brush  has  no  leaves,  interstices  will  be  left  bttwccn  the  bun- 
dles. Fill  these  with  brush  tops,  hay,  straw  or  cornstalks  so  as  to  present 
comparatively  tight  sides  and  partitions.  On  top  of  the  whole  place  a 
brush  cover  or  top  similar  to  the  bottom  bed.  With  a  suitable  appliance, 
next  compress  and  bind  tightly  with  wire  or  wire  strand  at  intervals  of 
from  5  to  10  ft.,  producing  a  large  cellular  fascine  or  bundle  of  hollow 
cells.  The  smaller  dimensions  will  give  the  minimum  and  the  larger  ones 
the  maximum  size  of  fascines  as  generally  used  on  the  Missouri  River 
to-day.     The    description    would    indicate   a   cylindrical   or  straight-edged 
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construction,  but  in  actual  practice  the  fascines  are  built  cigar-shaped, 
which  gives  them  increased  strength  to  resist  crushing  before  they  are 
entirely  filled  with  mud.     (Fig.  i.) 

After  securing  the  upper  or  smaller  end  to  a  dead-man  or  post  by 
means  of  a  line  or  cable,  the  bundle  is  launched  into  the  river  and  floated 
into  place.  Within  a  day  or  two  it  will  collect  enough  mud  to  cause  it  to 
settle  to  the  bottom.  If  not,  bags  of  sand  or  a  sand  pump  may  be  used. 
When  once  on  the  bottom  it  soon  becomes  securely  anchored  into  the 
sand  through  the  agency  of  the  currents  and  the  process  of  filling  is  soon 
completed.     Not  one  pound  of  rock  is  necessary  to  accomplish  this  result. 

This  as  described  constitutes  one  of  the  units.  They  can  be  placed 
side  by  side  and  one  layer  on  top  of  the  other  to  build  up  a  large  deflection 
dike.  The  usual  practice,  however,  in  constructing  such  a  dike  is  to  build 
from  6  to  lo  of  these  large  cigar-shaped  units  in  progressive  lengths  of 
from  30  to  100  ft.  and  then  launch  them  in  such  a  manner  as  to  form  a 
large  triangular-shaped  mattress,  the  upstream  being  a  point  against  the 
bank  at  the  water's  edge,  the  downstream  end  extending  out  from  30  to 
100  ft.  on  the  surface  of  the  water,  and  the  outer  edge  or  side  of  the  tri- 
angle being  at  an  angle  of  from  30  degrees  to  40  degrees  with  the  bank  line. 
(Fig.  2.) 


David  Neale  Dike  System 


FOUNDATION  OF  FASCINES  FOR  BANK  DIKE. 


On  top  of  this  mattress  is  now  started  what  may  be  termed  a  mud- 
cell  raft,  the  outer  edge  and  lower  end  being  set  back  from  5  to  8  ft,  havings 
a  step  of  that  size  around  these  two  sides.  This  raft  is  built  exactly  after 
the  manner  of  the  fascines  but  is  continuous,  as  there  are  no  short  bun- 
dles of  brush  except  toward  the  upper  point  of  the  mattress.  In  other 
words,  it  is  built  after  the  manner  of  a  log  house  with  many  rooms,  with 
the  rooms  from  5  to  8  ft.  square.    This  raft  is  extended  in  and  over  the 
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upper  slope  of  the  bank  as  it  is  built  up  in  height,  the  slope  having  pre- 
viously been  graded  to  i  on  V/i.  For  about  every  5  ft.  of  elevation  around 
the  outer  edges  step  back,  as  mentioned  before,  finishing  the  part  left  out 
with  a  covering  of  brush.  Keeping  the  top  of  this  vi^ork  on  about  a  i  on  5 
slope,  the  upbuilding  continues,  if  possible,  until  the  dike  ceases  to  settle, 
when  a  brush  covering  is  placed  qv-er  the  whole,  with  heavy  poles  on  top 
placed  up  and  downstream  to  ward  ofif  drift  and  ice.  If  the  dike  eventu- 
ally sinks,  more  work  can  be  placed  on  top. 

The  brush  is  not  always  carried  to  the  top  of  the  bank,  but  riprap  is 
used  to  make  this  part  more  permanent.  It  can  readily  be  seen  that  except 
along  the  outer  edge  and' on  top  there  is  no  further  use  for  the  wire 
fastenings.  If  extra  care  is  taken  to  secure  these  parts  of  the  dike  with 
heavier  wire  strand,  or  by  bolting  heavier  poles  so  that  they  will  prevent 
the  brush  from  becoming  loose,  the  life  of  the  work  is  much  prolonged. 
(Fig.  3-) 

CROSS -SECT/0 A/  OF  COMPLETE    DIKE. 
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The  steps  referred  to  above  have  the  effect  of  very  materially  reducing 
the  eddy  action  below  the  dike;  in  fact  they  nearly  eradicate  the  same 
when  properly  constructed.  Experience,  however,  is  necessary  to  accom- 
plish this  result!  The  effect  of  the  dike  is  to  cause  the  water  to  glide  off 
smoothly  and  to  deflect  slightly  the  main  current  from  the  bank.  In  order 
to  more  thoroughly  deflect  the  lower  currents  and  to  prevent  excessive 
scour  at  and  below  the  outer  corner  of  the  bank  dike,  a  mattress  of  the 
smaller  sized  fascines,  the  whole  commonly  called  a  wing  dike,  is  next  con- 
structed in  the  following  manner  (see  Fig.  4)  :  To  the  outer  end  of  a 
strong  cable  attach  and  sink  a  Chinese  anchor  or  mud  box,  in  a  position 
about  40  ft.  below  and  50  ft.  outside  of  the  outer  corner  of  the  bank  dike. 
This  cable  is  securely  fastened  to  a  dead-man  on  the  bank  about  100  ft. 
above  the  upper  corner  of  the  dike  already  placed.  Cellular  fascines  about 
30  ft.  long  are  built  and  fastened  to  this  large  cable  with  a  short  piece 
of  cable  and  a  slip  ring,  and  when  launched  overboard  are  carried  down  by 
the  current  and  sunk  into  place  one  after  the  other  by  the  weight  of  the 
sediment  they  collect. 

The  space  between  the  Chinese  anchor  and  the  bank  dike  is  completely 
covered  or  filled  in,  two  or  more  lead  cables  being  placed  if  necessary  to 
accomplish   this  result.     Dependent   upon  conditions,  and  the  amount   of 
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deflection  it  is  desired  to  give  the  river  at  this  particular  point,  these 
fascines  can  be  piled  in  one  layer  over  the  other.  Care  must  be  taken  in 
building  the  fascines  for  the  wing  dike,  particularly  the  ones  that  will 
come  on  top,  to  make  them  strong  and  to  bind  them  with  heavy  strand  or 
poles  in  such  a  manner  that  they  will  not  soon  come  apart.  The  dike  next 
down  stream  can  now  be  located  just  about  the  point  at  which  the  cur- 
rents again  strike  the  bank.  The  distance  varies  very  much,  dependent 
upon  conditions. 

Repairs  to  this  work  usually  consist  in  replacing  the  top  cover  and  in 
strengthening  the  upper  bank  work ;  also  in  building  up  a  dike  that  has  set- 
tled unduly.  It  appears  that  nearly  all  of  the  settlement  takes  place  during 
the  first  season  of  high  water. 

'     Fig.  4. 
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GENERAL  PLAN  OF  BANK  D/KC  WITH   WING  DIKE 


Mud  Cell  Dike  to  he 

placed  on  Top  of  Fascines 
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Box 
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Further  along  in  the  article  from  which  the  foregoing  has  been  copied 
mention  is  made  of  the  eddies  usually  induced  by  these  dikes,  and  the 
question  is  raised  as  to  whether  or  not  the  expense  necessary  to  protect 
against  these  eddies  will  not  cause  this  system  of  work  to  cost  as  much 
as  continuous  work.  We  have  had  some  more  experience  with  this  work 
since  writing  the  article  for  the  Engineering  News,  as  well  as  having  ob- 
served the  action  of  the  older  works ;  and  although  we  are  now  reasonably 
certain  of  getting  a  filling  in,  below  the  dike,  to  a  height  slightly  above 
the  low  water  level  and  extending  a  considerable  distance  down  stream, 
we  have  failed  to  entirely  eradicate  the  eddy  during  high  stages,  and  are 
placing  upper  bank  mattress  to  prevent  the  dike  from  being  cut  down  from 
behind.  The  trouble  with  this  upper  bank  mattress  being  that  it  may  be 
expected  to  rot  out  in  the  course  of  a  few  years.    Quite  recently  the  writ- 
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er's  attention  has  been  called  to  a  patent  system  of  reinforced  concrete 
mattress  work;  this  we  are  now  investigating,  and  hope  to  have  some 
definite  facts  and  figures  to  present  by  the  date  of  the  next  annual  meet- 
ing. It  would  seem,  however,  from  the  cost  figures  as  presented  by  the 
promoters  that  this  concrete  mattress  can  be  constructed  at  a  figure  well 
within  reasonable  and  economical  consideration.  A  combination  of  this 
mattress  with  the  mud-cell  or  fascine  dike  ought  to  give  reasonably  long- 
lived  work. 

Instead  of  using  the  fascine  foundation  previously  described,  we  are 
now  in  many  cases  simply  building  a  foundation  mud-cell  mattress  and 
starting  the  dike  on  top ;  this  is  the  method  always  used  when  the  water 
does  not  contain  so  much  sediment  as  to  cause  the  mattress  to  sink  too 
rapidly  to  allow  sufficient  time  to  get  the  dike  started.  Also,  since  at  the 
present  time  it  is  deemed  best  to  at  once  construct  the  protection  work 
against  eddy  action  above  and  below  the  dike,  the  mattress  is  started  75 
or  more  feet  above  the  proposed  location  of  the  dike  and  carried  through 
to  a  point  100  ft.  or  more  below  the  same. 

In  a  few  words,  this  mud-cell  mattress  consists  of  two  tight  layers  of 
brush,  the  upper  one  being  one  foot  or  more  above  the  lower  one.  This 
requires  much  more  brush  than  the  ordinary  standard  mattress,  as  a  rule, 
but  is  ofifset  by  the  fact  that  no  rock  or  riprap  is  required ;  we  have  not 
yet  collected  sufficient  reliable  figures  to  submit  an  estimate  of  this 
difference. 

All  styles  of  mattress  work  require  one  or  more  barges  or  floating 
plant  to  construct,  and  in  many  localities  it  is  almost  impossible  to  rent 
suitable  ones.  A  railway  company  having  only  an  occasional  job  of  this 
kind  cannot  afford  to  build  barges.  The  fascine  type  requires  no  floating 
plant  except  a  small  scow  to  sink  the  Chinese  anchor,  but  the  wing  dike  is 
not  always  required ;  and  this  scow  can  be  built  for  $75.  All  materials 
can  be  assembled  by  work  train. 

To  get  a  good  job  of  continuous  mattress  work  it  is  necessary  to  place 
the  same  at  a  low  stage  of  river,  and  to  pave  the  upper  slope  with  riprap. 
The  fascine  system  can  be  placed  at  any  stage  that  does  not  go  much 
above  the  natural  banks,  and  will  last  just  as  long  as  if  it  were  placed  at  a 
low-water  stage.  For  emergency  work,  at  points  where  the  river^  is  attack- 
ing very  rapidly  (being  usually  when  there  is  a  high  stage)  we  know  of 
no  other  means  or  system  that  will  in  any  way  compare  with  the  cellular 
fascines  in  checking  this  caving  and  for  holding  the  position.  There  is  not 
sufficient  time  to  assemble  the  necessary  plant  for  placing  the  standard 
mattress  work,  and,  as  a  rule,  the  current  of  the  stream  is  too  swift  to 
allow  of  the  holding  of  the  plant  in  place  if  you  did  have  it  on  hand.  The 
fascines  can  be  placed  separately  as  fast  as  made,  each  one  anchored  to  the 
bank  with  sufficient  fastenings  to  hold  it  in  a  swift  current  until  it  settles 
to  the  bottom,  where  it  will  remain  by  its  own  weight.  It  is  simply  a  ques- 
tion of  getting  men  and  materials  (brush,  wire  and  cable)  in  sufficient 
quantities.    It  will  be  readily  understood  that  this  system  is  chiefly  apphca- 


ROADWAY.  541 

ble  on  the  heavily  silt-laden  streams;  if  the  stream  does  not  carry  much 
silt,  a  few  sacks  of  sand  or  loam  will  suffice  to  sink  the  work  to  the  bot- 
tom, where  it  will  the  more  quickly  become  entirely  full  of  mud. 

The  dike  system  lends  itself  more  readily  to  the  plan  of  placing  only  a 
part  of  the  protection  in  any  one  year,  and  adding  to  as  the  caving  pro- 
gresses or  as  it  is  found  to  be  necessary ;  thus  spreading  the  cost  out  over 
a  greater  length  of  time.  With  the  mattress  work  or  system  of  solid  pro- 
tection it  is  usually  necessary  to  place  a  greater  extent  of  work,  because 
the  losses  on  account  of  flanking  are  likely  to  be  greater  than  with  the 
dikes. 

An  error  very  often  made  is  to  protect  a  long  stretch  of  bank  when  it 
is  only  a  short  piece  in  the  middle  of  the  same  that  is  near  to  the  track, 
and  when  the  rate  of  caving  is  such  that  it  would  be  utterly  impossible  for 
the  same  to  reach  the  track  in  the  course  of  a  year  or  two  at  least.  To 
omit  the  protection  of  that  part  of  the  bank  that  is  beyond  the  limits 
of  one  season's  caving  (particularly  that  which  is  above  the  danger  point) 
will  permit  the  river  to  straighten  itself  out  more  or  less,  materially  reduc- 
ing the  force  of  impact  or  caving  near  the  track,  and  tending,  by  reason 
of  the  work  then  in  place,  to  throw  the  river  away  entirely  from  that  part 
of  the  bank  that  is  below  the  point  of  original  attack.  The  most  severe 
attack  is  constantly  being  followed  up  with  the  newer  work,  besides  there 
is  always  a  possibility  with  most  of  such  rivers  that  changes  may  occur 
to  cause  the  attack  to  cease  entirely,  and  a  great  saving  will  be  had  over 
placing  protection  through  the  entire  bend  at  the  first  season. 

So  very  many  conditions  and  factors  enter  into  this  class  of  work  that 
it  is  impossible  to  lay  down  any  set  rules  to  go  by,  and  each  case  must  be 
treated  as  a  special  one ;  and  it  is  very  seldom  possible  to  predict  with  any 
degree  of  certainty  what  results  you  will  get  from  any  particular  system 
or  method. 

Cost  records  covering  this  style  of  protection  are  not  extensive  enough 
to  give  much  reliable  information,  neither  do  they  date  back  far  enough  to 
enable  us  to  determine  the  probable  cost  of  repairs,  and  at  some  of  the 
points  we  were  obliged  to  use  the  solid  mattress  system  in  conjunction  with 
the  mud-cell  system,  because  the  river  had  caved  up  to  the  ends  of  the 
ties,  making  it  unsafe  to  use  the  dike  system  alone;  and  the  records  could 
not  be  kept  separate. 

At  Myrick,  Mo.,  the  first  work  was  placed  in  August,  1906;  some  of 
the  dikes  are  more  than  i,oco  feet  apart  (a  greater  distance  than  they 
should  be,  we  have  since  learned),  a  total  distance  of  5,100  feef  of  bank 
was  covered,  much  of  it  nearly  straight,  and  some  of  it  near  the  bluffs; 
altogether  not  a  very  reliable  test.  The  first  season's  work  cost  $9,204.65 ; 
the  following  year  $1,677.76  worth  of  repairs  were  made ;  and  during  the 
season  just  passed,  $2,749.61  was  spent  in  additions,  making  a  total  of 
$13,632.02,  which  amounts  to  $2.67  per  linear  foot. 

At  a  point  about  two  miles  east  of  Wooldridgc,  Mo.,  four  dikes  were 
placed  during  the  present  season  at  a  total  cost  of  approximately  $10,000, 
covering  2,525  linear  feet  of  bank,  which  equals  $3.96  per  linear  foot. 
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At  Sandy  Hook,  Mo.,  during  the  past  year  2,950  linear  feet  of  bank 
was  covered  with  mattress,  and  three  dikes  placed  on  top  at  different 
points,  at  a  total  cost  of  $14,044.18,  or  $4.76  per  linear  foot. 

At  Marion,  Mo.,  during  the  past  two  years  much  extraordinary  work 
was  put  in  on  account  of  severe  caving,  and  3,150  linear  feet  of  bank  is 
protected,  mostly  with  solid  mattress  work.  Total  cost,  $25,498.13,  or 
$8.09  per  linear  foot. 

Contractors  are  to-day  taking  work  at  $4.50  to  $5.00  per  linear  foot  of 
bank  protected. 


DISCUSSION. 

(In  the  absence  of  the  Chairman  and  Vice-Chairman  of  the  Commit- 
tee, the  report  was  presented  by  Prof.  W.  D.  Pence,  University  of  Wis- 
consin.) 

Prof.  Pence : — The  only  matter  on  which  the  Roadway  Committee  had 
reached  a  fairly  definite  opinion  was  that  of  the  waterways  for  culverts. 
The  matter  has  been  under  investigation  for  several  years  and  the  con- 
clusions are  presented  on  page  90  of  Bulletin  133.  In  view  of  the  fact  that 
the  matter  here  presented  was  not  fully  discussed  by  the  Committee,  there 
being  but  a  small  attendance  at  the  meeting  at  which  it  was  submitted, 
ii  seemed  desirable  that  this  should  be  accepted  as  information  and  that 
the  Committee  be  allowed  to  consider  the  matter  further  in  connection  with 
the  hydraulics  of  the  culvert,  which  it  has  suggested  in  the  body  of  the 
report  to  be  submitted  next  year.  The  matter  presented  on  page  90 
touches  upon  the  question  of  finding  general  formula  for  waterways.  This 
i.i  a  matter  which  will  always  be  a  fruitful  one;  it  is  a  subject  which  will 
not  down,  and  in  view  of  its  importance  in  connection  with  culvert  work, 
as  well  as  in  the  design  of  culverts,  in  the  substitution  of  permanent  for 
temporary  structures,  it  is  believed  it  will  not  be  an  unfit  thing  to  con- 
sider it  somewhat  more  at  length  in  connection  with  the  matter  just  men- 
tioned— the  hydraulics  of  the  culvert. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — I  move  that  the  report 
be  received  as  information.  I  believe  the  plan  of  the  Committee  is  the 
best  one  for  the  future.  There  should  be  an  investigation  of  waterways 
over  the  United  States  with  a  view  to  finding  a  general  formula  by  which 
a  change  in  the  co-efficient  will  be  applicable  to  different  sections  of  the 
country;  and  I  belijve  that  this  Committee  is  in  better  shape  to  work  out 
such  a  formula  th;  n  any  other  body.  I  hope  they  will  go  on  with  the  good 
work  they  have  started  with  this  compilation,  its  comparisons  and  its  very 
valuable  information. 

Prof.  Pence: — May  I  add  a  word?  If  the  Committee  may  have  the 
support  of  the  members  of  the  Association  in  connection  with  this  matter 
of  districting  the  country,  by  responding  to  the  circular  which  the  Com- 
mittee plans  to  send  out  by  platting  a  few  points  on  the  diagram,  shown 
on  page  87,  it  is  believed  that  considerable  progress  can  be  made.  The 
diagram  on  page  87  is  really  a  remarkable  thing.  That  i.--  graphic  repre- 
sentation of  the  data  gotten  togeth-r  by  the  late  James  Dun.  It  repre- 
sents something  upon  which  we  may  perhaps  he  aMe  to  string  results. 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — In  the  El  Paso  & 
Southwestern  formula  the  co-efficient  12  should  be  17.  In  the  original 
form  as  developed  by  Mr.  Frizell,  the  co-efficient  was  17.35  S"<1  the  quan- 
tity 8000  under  the  radical  \yas  8006 

Prof.  Pence: — In  view  of  tlie  prob.ibility  of  typograpliical   errors   in 
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any  compilation  of  this  kind,  the  Committee  would  further  request  that 
criticisms,  such  as  has  been  made  by  Mr.  Campbell,  be  sent  in  to  the  Sec- 
retary of  the  Association,  so  that  this  may  be  corrected  before  it  is  pub- 
lished' in  the  Proceedings. 

Mr.  Churchill : — I  wish  to  call  the  attention  of  the  gentleman  who 
just  spoke,  that  the  formula  to  which  he  refers  practically  reduces  to 
Myers'  formula. 

(The  motion  was  carried.) 

The  President: — The  attention  of  the  Association  is  called  to  the  im- 
portant matters  on  pages  io8  and  following,  being  a  bibliography  on  the 
subject  of  waterways. 

Mr.  William  McNab  (Grand  Trunk)  : — I  think  this  is  a  very  valuable 
part  of  the  report  and  I  would  like  to  compliment  the  Committee  on  pre- 
senting to  us  this  bibliography. 

The  President: — The  Committee  makes  one  recommendation  which 
ought  to  be  acted  on.  It  recommends  that  the  following  clause  be  inserted 
in  the  conclusions  heretofore  adopted  in  relation  to  Tunnels :  "The  height 
of  rail  shall,  in  all  cases,  be  assumed  as  six  inches."  If  there  is  no  objec- 
tion, that  will  be  added  in  its  proper  place  in  the  Manual. 

If  there  is  no  further  discussion  on  this  Committee's  work,  it  will  be 
relieved  with  the  thanks  of  the  Association  for  its  excellent  report. 


SPECIAL  COMMITTEE  ON  GRADING  AND  INSPEC- 
TION OF  MAINTENANCE  OF  WAY  LUMBER. 

(Bulletin  133.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Meetings  of  this  Committee  were  held  in  Chicago  on  November  2 
and  January  i6.  At  the  November  meeting  the  following  members  were 
present : 

W.  H.  Sellew,  Chairman. 

B.  A.  Wood. 

E.  O.  Faulkner  (represented  by  A.  F.  Robinson). 
And  at  the  January  meeting: 

W.  H.   Sellew,  Chairman. 

Dr.  Hermann  Von  Schrenk. 
Both  of  the  meetings  were  held  jointly  with  the  Committee  on  Lumber 
Specifications  of  the  Railway  Storekeepers'  Association,  and  at  the  Novem- 
ber meeting  several  of  the  Manufacturers'  Association  were  represented. 
In  the  classification  of  lumber  the  question  of  the  absence  or  pres- 
ence of  defects  is  of  the  greatest  importance,  and  the  various  Lumber 
Associations  of  the  country  have  adopted  standard  grades  for  the  kinds 
of  lumber  which  they  manufacture,  according  to  which  they  grade  their 
product  by  sizes  and  by  the  quality,  as  determined  by  the  absence  or 
presence  of  certain  standard  defects. 

To  insure  uniformity,  it  is  obviously  desirable  that  in  ordering  and 
purchasing  lumber,  the  railroads  follow  standard  specifications  which 
shall  be  considered  as  such  by  both  the  producer  and  consumer.  This 
principle  has  been  recognized  by  the  Association  in  the  adoption  of  the 
Standard  Specifications  for  Southern  Yellow  Pine  Bridge  and  Trestle 
Timbers,  which  are  now  the  standard  specifications  of  the  Yellow  Pme 
Manufacturers'  Association  and  of  the  American  Society  for  Testing 
Materials. 

Since  the  adoption  of  these  Standard  Specifications,  the  Yellow  Pine 
Manufacturers'  Association  and  American  Society  for  Testing  Materials 
have  issued  these  Standard  Specifications  in  the  form  of  a  small  pamphlet, 
and  the  manufacturers  have  attempted  to  live  up  to  these  specifications 
in  the  manufacture  of  grades  of  timbers  applied  to  bridge  and  trestle 
construction. 

Apart  from  these  specifications,  comparatively  little  has  been  done 
in  the  way  of  formulating  standard  rules  for  the  grading  of  Main- 
tenance of  Way  lumber  that  are  recognized  both  by  the  railroads  and 
manufacturers. 
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In  Bulletin  No.  71  of  the  Forest  Service  are  given  rules  and  specifica- 
tions for  the  grading  of  lumber  adopted  by  the  various  Lumber  Manu- 
facturers' Associations  of  the  United  States.  Since  the  publication  of 
the  Bulletin,  in  1906,  practically  all  of  the  rules  it  contained  have  been 
revised,  and  for  this  reason,  the  Bulletin  at  the  present  time  has  little 
practical  value. 

The  following  organizations  of  Lumber  Manufacturers  have  for  the 
last  year  assisted  the  various  Railroad  Associations  in  their  work  of 
standardizing  lumber  grades.  These  Associations  represent  a  large  per- 
centage of  manufacturers  engaged  in  the  production  of  lumber  products : 

Associated  Bureau  of  Grades,  comprising  the  Pacific  Coast  Manufac- 
turers' Association,  Southwestern  Washington  Lumber  Manufacturers' 
Association,  Oregon  and  Washington  Lumber  Manufacturers'  Association. 

Northern  Pine  Manufacturers'  Association:  This  Association 
deals  in  White  Pine  and  Hemlock,  with  headquarters  at  Minneapolis, 
Minnesota. 

Yellow  Pine  Manufacturers'  Association  :  This  Association,  with 
headquarters  at  St.  Louis,  Missouri,  is  composed  of  the  principal  operators 
in  Yellow  Pine  lumber  throughout  the  South. 

Hardwood  Manufacturers'  Association  of  the  United  States,  with 
headquarters  at  Cincinnati,  Ohio,  sets  standard  grades  of  Poplar,  Oak, 
Cotton  Wood,  Gum,  and  other  Hardwoods.  During  the  past  year  this 
Association,  through  an  agreement  with  the  lumber  dealers  in  the  eastern 
states,  sets  the  grades  in  this  territory  as  well  as  throughout  the  middle 
and  southern  states. 

Southern  Cypress  Manufacturers'  Association,  with  headquarters 
at  New  Orleans,  Louisiana,  is  composed  of  operators  dealing  in  Cypress 
products. 

At  the  1909  convention  of  the  Master  Car  Builders'  Association  a 
Committee  was  appointed  to  act  in  conjunction  with  similar  Committees 
from  the  American  Railway  Master  Mechanics'  Association,  Railway 
Storekeepers'  Association  and  the  Lumber  Manufacturers'  Associations 
throughout  the  country  and  to  prepare  specifications  and  grading  rules 
for  car  and  locomotive  lumber. 

At  the  1910  convention  of  the  Master  Car  Builders'  Association  a 
report  was  submitted  on  this  subject,  which  was  subsequently  adopted 
by  the  above  referred  to  Railway  and  Lumber  Manufacturers'  Associa- 
tions. This  report  consisted  of  a  description  of  the  various  woods  used 
by  the  railroad  companies  for  car  and  locomotive  lumber,  a  list  of  stand- 
ard defects,  with  appropriate  photographs  illustratsig  these,  and  the  grad- 
ing rules  for  each  kind  of  lumber. 

A  great  deal  of  the  matter  contained  in  these  specifications  is 
applicable  to  Maintenance  of  Way  lumber,  and  several  of  the  Manufac- 
turers' Associations  have  submitted  to  this  Committee  specifications  for 
Maintenance  of  Way  lumber,  using  the  descriptions  of  woods  and  stand- 
ard defects  already  adopted  by  these  Associations.  These  specifications 
are  printed  in  full  as  an  appendix  to  the  report. 

In  submitting  these  specifications  as  a  matter  of  information  to  mem- 
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bers  of  this  Association,  the  Committee  wishes  to  emphasize  that  it  is 
desirable  to  adopt  a  series  of  specifications  of  this  character  at  the  earliest 
possible  date.  The  splendid  results  obtained  from  the  joint  adoption 
of  such  standard  rules  for  bridge  and  trestle  timbers  has  already  been 
pointed  out.  The  various  Lumber  Associations  have  indicated  their 
readiness  to  co-operate  with  the  members  of  this  Association  for  the 
purpose  of  having  similar  rules  adopted  for  Maintenance  of  Way  lumber. 

The  Committee  suggests  that  the  work  assigned  to  it  for  the  next 
year  consist  in  the  preparation  of  simikr  specifications  for  classes  and 
kinds  of  lumber  not  included  in  the  specifications  submitted  in  this  year's 
report,  and  the  consideration  of  those  submitted  with  a  view  towards 
recommending  the  adoption  of  Standard  Specifications  for  Maintenance 
of  Way  Lumber. 

Respectfully  submitted, 
W.  H.  Sellew,  Principal  Assistant  Engineer,  Michigan  Central  Railroad, 

Detroit,   Mich.,  Chairman. 
F.  H.  Bainbridge,  Resident  Engineer,  Chicago  &  Northwestern  Railway, 

Necedah,  Wis. 
E.  0.  Faulkner,  Manager,  Tie  and  Timber  Department,  Atchison,  Topeka 

&  Santa  Fe  Railway  System,  Los  Angeles,  Cal. 
R.  KoEHLER,  General  Purchasing  Agent,  Southern  Pacific  Lines  in  Oregon, 

Portland,  Ore. 
Dr.  Hermann  Von  Schrenk,  Supervisor  of  Timber  Preservation,  Frisco 

Railway  System,  St.  Louis,  Mo. 
B.  A.  Wood,  Chief  Engineer  of  Maintenance,  Mobile  &  Ohio   Railroad, 

Mobile,    Ala. 

Committee. 


Appendix    A. 

CLASSIFICATION  AND  GRADING  RULES  FOR  DOUGLAS  FIR. 

1.  The  term  "Douglas  Fir"  will  cover  the  timber  known  likewise  as 
Yellow  Fir,  Red  Fir,  Western  Fir,  Washington  Fir,  Oregon  or  Puget 
Sound  Fir  or  Pine,  Northwest  and  West  Coast  Fir. 

2.  Fir  Lumber  shall  be  graded  and  classified  according  to  the  fol- 
lowing rules  and  specifications  as  to  quality,  and  dressed  stock  shall 
conform  to  the  subjoined  table  of  standard  sizes,  except  where  otherwise 
expressly  stipulated  beizueen  buyer  and  seller. 

3.  Recognized  defects  in  Fir  are  knots,  knotholes,  splits,  checks,  wane, 
rot,  rotten  streaks,  wormholes,  dog  or  picaroon  holes,  pitch  seams,  shake, 
pitch  pockets,  chipped  grain,  torn  grain,  loose  grain,  solid  pitch,  stained 
heart,  sap  stain  and  imperfect  manufacture. 

KNOTS. 

4.  Knots  shall  be  classified  as  pin,  small,  standard  and  large,  as  to 
size ;  round  and  spike  as  to  form,  and  tight,  loose  and  rotten  as  to  quality. 

5.  A  pin  knot  is  tight  and  not  over  14  in.  in  diameter. 

6.  A  small  knot  is  tight  and  not  over  ^4  i"-  in  diameter. 

7.  A  standard  knot  is  tight  and  not  over  ij^  in.  in  diameter. 

8.  A  large  knot  is  tight,  and  any  size  over  ij^  in.  in  diameter. 

9.  A  round  knot  is  oval  or  circular  in  form. 

10.  A  spike  knot  is  one  sawn  in  a  lengthwise  direction. 


Pin  Knot. 
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Standard  Knot. 


Larck  Knot. 
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The  mean  or  average  diameter  of  knots  shall  be  considered  in  applying 
and  construing  the  rules. 

11.  A  tight  knot  or  sound  knot  is  one  solid  across  its  face,  is  as  hard 
as  the  wood  it  is  in,  and  is  so  fixed  by  growth  or  position  that  it  will 
retain  its  place  in  the  piece.  ' 

12.  A  loose  knot  is  one  not  held  firmly  in  place  by  growth  or  position. 

13.  A  rotten  knot  is  one  not  as  hard  as  the  wood  it  is  in. 


Small  Spike  Knot. 


"^l^'M 


l^!}ii^:.^:m^^i:Smdii^^ym^ 


Large  Spike  Knot. 


LUMBER  GRADING  RULES. 


551 


Loose  Knot. 
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Pith  Knut. 


Cluster  of  Knots. 
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14.  Pitch  pockets  are  openings  between  the  grain  of  the  wood,  con- 
taining more  or  less  pitch  and  surrounded  by  sound  grain  wood ;  they 
shall  be  classified  as  small,  standard  and   large  pitch  pockets. 

15.  A  small  pitch  pocket  is  one  not  over  }i  of  an  in.  wide. 

16.  A  standard  pitch  pocked  is~one  not  over  ^  of  an  in.  wide  or  3 
in.  in  length. 

17.  A  large  pitch  pocket  is  one  over  ^  of  an  in.  wide  or  over  3 
in.  in  length. 


i'uCKLi. 


Solid  Pitch. 

18.  A  pitch  shake  or  seam  is  a  clearly  defined  opening  between  the 
grain  of  the  wood  and  may  be  cither  filled  with  granulated  pitch  or  not, 
but  in  either  case  is  considered  a  defect  in  any  of  the  grades  hereinafter 
described. 

19.  A  pitch  streak  is  a  well-defined  accumulation  of  pitch  at  one 
point  in  the  piece,  and  when  not  sufficient  to  develop  a  well-defined  streak, 
or  where  fiber  between  grains  is  not  saturated  with  pitch  it  shall  not  be 
considered  a  defect. 


554 


LUMBER  GRADING  RULES. 


20.  A  small  pitch  streak  shall  be  equivalent  to  not  over  one-twelfth 
the  width  and  one-sixth  the  length  of  the  piece  it  is  in. 

21.  A  standard  pitch  streak  shall  be  equivalent  to  not  over  one-sixth 
thp  width  and  one-third  of  the  length  of  the  piece  it  is  in. 


Small  Pitch   Streak. 


Large   Ope.\    Pitch    Pocket. 

WANE. 

22.     Wane  is  bark,  or  the  lack  of  wood,  from  any  cause,  on  edge. 


SAP. 

23.  Bright  sap  shall  not  be  considered  a  defect  in  any  of  the  grades 
provided  for  and  described  in  these  rules,  except  where  stipulated. 

24.  Sap  stain  shall  not  be  considered  a  defect,  except  as  provided 
herein. 

25.  Discoloration  of  the  heart  of  the  wood,  or  stained  heart,  must  not 
be  confounded  with  rot  or  rotten  streaks.  The  presence  of  rot  is  indicated 
by  a  decided  softness  of  the  wood  where  it  is  discolored  or  by  small  white 
spots  resembling  pin   wormholes. 
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MISCELLANEOUS. 

26.  Defects  in  rough  stock  caused  by  improper  manufacture  and  dry- 
ing will  reduce  grade,  unless  ihey  can  be  removed  in  dressing  such  stock 
to  standard  sizes. 

27.  All  stock,  except  timbers,  shall  be  inspected  on  the  face  side 
to  determine  the  grade.  Stock  surfaced  one  side,  the  dressed  surface 
shall  be  considered  the  face  side.  Stock  rough  or  dressed  two  sides, 
the  best  side  shall  be  considered  the  face,  but  the  reverse  side  of  all  such 
stock  shall  not  be  more  than  one  grade  lower. 

28.  Chipped  grain  consists  in  a  part  of  the  surface  being  chipped  or 
broken  out  in  small  particles  below  the  line  of  the  cut,  and  as  usually 
found,  should  not  be  classed  as  torn  grain,  and  shall  be  considered  a  defect 
only  when  it  unfits  the  piece  for  use  intended. 

29.  Torn  grain  consists  of  a  part  of  the  wood  being  torn  out  in 
dressing.  It  occurs  around  knots  and  curly  places,  and  is  of  four  distinct 
characters — slight,  medium,  heavy  and  deep. 

30.  Slight  torn  grain  shall  not  exceed  1-32  of  an  in.  in  depth; 
medium  1-16  of  an  in.,  and  heavy  %  of  an  in.  Any  torn  grain  heavier 
than  yi  of  an  in.  shall  be  termed  deep. 

31.  Loosened  grain  consists  in  a  point  of  one  grain  being  torn  loose 
from  the  next  grain.  It  occurs  on  the  heart  side  of  the  piece,  and  is  a 
serious   defect,    especially   in   flooring. 

32.  The  grade  of  all  regular  stock  shall  be  determined  by  the  number, 
character  and  position  of  the  defects  visible  in  any  piece.  The  enumerated 
defects  herein  described  admissible  in  any  grade  are  intended  to  be- 
descriptive  of  the  coarsest  piece  such  grades  may  contain,  but  the  average 
quality  of  the  grade  shall  be  midway  between  the  highest  and  lowest 
pieces  allowed  in  the  grade. 

3$.  Lumber  and  timber  sawed  for  specific  purposes  must  be  inspected 
with  a  view  to  its  adaptability  for  the  use  intended. 

34.  All  dressed  stock  shall  be  measured  strip  count,  vis.:  Full  size 
of  rough  material  necessarily  used  in  its  manufacture. 

35.  Equivalent  means  equal,  and  in  construing  and  applying  these 
rules,  the  defects  allowed,  whether  specified  or  not,  are  understood  to  be 
equivalent  in  damaging  effect  to  those  mentioned  applying  to  stock  under 
consideration. 

36.  Lumber  must  be  accepted  on  grade  in  the  form  in  which  it  was 
shipped.  Any  subsequent  change  in  manufacture  or  niillwork  will  prohibit 
an  inspection  for  the  adjustment  of  claims,  except  with  the  consent  of  all 
parties  interested. 

37.  The  term  "Vertical  Grain"  is  here  used  as  synonymous  with  edge 
grain,  rift-sawn,  or  quarter-sawed.  The  term  "Flat  Grain"  is  synonymous 
with  slash  grain  or  plain  sawed. 
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SPECIFICATIONS  FOR  DOUGLAS  FIR  STRUCTURAL  TIMBERS. 

GENERAL   REQUIREMENTS. 

38.  All  timbers  shall  be  of  live,  sound,  straight-grained  timber,  sawed 
square  edges.  When  rough  shall  not  be  more  than  J4  scant  of  actual 
size.  Example:  A  piece  of  12x12  shall  not  measure  less  than  11^x1154 
in.  When  surfaced,  ^  in.  shall  be  allowed  for  each  face  dressed.  Example : 
A  piece  12x12  shall  measure  not  less  than  iiJ/2Xii^  in. 

39.  A  reasonable  variation  from  these  rules  shall  be  allowed  where 
the  general  character  of  the  piece  shows  its  suitability  for  the  purpose 
intended. 

40.  Select  Stringers,  either  red  or  yellow  fir,  shall  show  not  less 
than  80  per  cent,  of  heart  on  each  of  the  four  sides,  measured  across  the 
sides  anywhere  in  the  length  of  the  piece;  loose  knots,  or  knot  greater 
than  i^  in.  in  diameter,  will  not  be  permitted  at  points  within  4  in.  of  the 
edges  of  the  piece.    Shall  be  free  from  shakes  or  splits. 

41.  Standard  Stringers,  either  red  or  yellow  fir  or  hemlock,  will  allow 
I  in.  wane  on  one  corner — knots  not  to  exceed,  in  their  largest  diameter, 
54  the  width  of  the  face  of  the  stick  in  which  they  occur.  Ring  shakes 
extending  not  over  ^  the  length  of  the  piece  are  admissible. 

42.  Select  Caps  and  Sills,  either  red  or  yellow  fir,  shall  show  80 
per  cent,  heart  on  each  of  the  four  sides,  measured  across  the  sides  any- 
where in  the  length  of  the  piece ;  to  be  free  from  knots  over  3  in.  in 
diameter;  knots  must  not  be  in  groups.     Free  from  shakes  or  splits. 

43.  Standard  Caps  or  Sills,  either  red  or  yellow  fir  or  hemlock,  will 
allow  I  in.  wane  on  one  corner,  or  V2  in.  wane  on  two  corners.  Knots 
must  not  exceed  in  the  largest  diameter  ^  the  width  of  the  face  of  the 
stick  in  which  they  occur.  Ring  shakes  extending  not  over  J^  the  length 
of  the  piece  admissible. 

44.  Select  Posts,  either  red  or  yellow  fir,  shall  show  not  less  than 
75  per  cent,  heart,  measured  across  the  face  anywhere  in  the  length  of 
the  piece;  to  be  free  from  knots  over  3  in.  in  diameter,  and  must  not 
be  in  groups.     Shall  be  free  from  shakes  or  splits. 

45.  Standard  Posts,  either  red  or  yellow  fir  or  hemlock.  Will  allow 
I  in.  wane  on  one  corner,  or  Vi  in.  wane  on  two  corners.  Knots  must  not 
exceed  in  their  largest  diameter  34  of  the  width  of  the  face  of  the  stick  in 
which  they  occur.  Ring  shakes  shall  not  extend  over  yi  of  the  length 
of    the    piece. 

46.  Select  Longitudinal  Struts  or  Girts.— Either  red  or  yellow  fir 
shall  show  one  face  all  heart;  the  other  face  and  two  edges  shall  show 
not  less  than  85  per  cent,  heart,  measured  across  the  face  or  edge  any- 
where in  the  length  of  the  piece;  to  be  free  from  knots  over  lYi  in.  in 
diameter. 
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47.  Standard  Longitudinal  Struts  or  Girts. — Either  red  or  yellow  fir 
or  hemlock.  Shall  be  square  edged  and  sound ;  to  be  free  from  knots 
of  13/2  in.  in  diameter  or  over. 

48.  Select  Longitudinal  X-Braces,  Sash  Braces  and  Sway  Braces. 
Shall  show  not  less  than  80  per  cent,  heart  on  two  faces  and  four  square 
edges;  to  be  free  from  knots  over  i^  in.  in  diameter. 

49.  Standard  Longitudinal  X-Braces,  Sash  Braces  and  Sway  Braces ; 
shall  be  square  edged  and  sound ;  to  be  free  from  knots  over  2^/2  in. 
in  diameter. 

50.  Select  Ties  and  Guard  Timbers. — Either  red  or  yellow  fir,  shall 
show  one  face  and  one  edge  all  heart ;  the  other  side  and  edge  shall  show 
not  less  than  75  per  cent,  heart,  measured  across  the  surface  anywhere 
in  the  length  of  the  piece.  Shall  be  free  from  shakes  or  splits.  Shall 
be  free  from  black  or  rotten  knots  or  sound  knots  over  2V2  in.  in  diameter. 

51.  Howe  Truss  Chords. — Either  red  or  yellow  fir,  shall  show  not 
less  than  90  per  cent,  heart  on  each  side  and  edge,  measured  anywhere 
in  the  length  of  the  piece.  Shall  be  free  from  shakes,  splits  or  pitch 
pockets  over  yi  in.  wide  or  3  in.  long.  Knots  shall  be  not  over  i^  in. 
in  diameter  nor  closer  together  on  each  surface  than  one  in  any  four 
linear  feet,  but  if  knots  are  i  in.  or  less  in  diameter,  one  in  any  three 
linear  feet  will  be  allowed. 

52.  Flooring  or  Decking. — Red  or  yellow  fir  or  western  hemlock 
shall  be  good  sound  common  lumber.  Will  admit  sound  knots  not  over 
1-3  the  width  of  the  piece.  Spike  knots  not  over  2-3  the  width  of  the 
piece,  wane  not  over  Yz  in.  deep  on  edge  and  ij^  in.  wide  on  face,  extend- 
ing not  over  J4  the  length  of  the  piece ;  season  checks,  2  or  3  grub  worm- 
holes,  a  limited  number  of  pin  wormholes;  torn  grain. 

53.  Piles. — Red  or  yellow  fir,  cut  from  straight,  live,  thrifty  trees, 
free  from  rotten  knots,  shakes  or  splits. 

54.  Selected  Sheet  Piles. — Selected  common,  either  red  or  yellow  fir, 
must  be  square  edged.  Will  admit  any  quantity  of  sound  knots  not  over 
V/y  in.  in  diameter,  or  small  pitch  pockets  not  over  4  in.  in  length. 

55.  No.  I  Sheet  Piles. — No.  i  common,  either  red  or  yellow  fir 
or  western  hemlock,  will  admit  of  sound  knots  not  over  1-3  the  width  of 
the  piece.  Spike  knots  not  over  2-3  the  width  of  the  picoe,  wane  not  over 
Yi  in.  deep  on  edge  and  i  in.  wide  on  face  up  to  2x6,  and  Y2  in.  deep  on 
edge  and  1J/2  in.  wide  on  face  on  2x8  and  wider,  extending  not  over 
Y^  the  length  of  the  piece ;  stain,  solid  pitch,  pitch  pockets,  season  checks, 
2  or  3  wormholes,  a  limited  number  of  pin  wormholes ;  torn  grain. 
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BUILDING  MATERIALS. 


Defects  based  on  piece  4  in.  wide,  12  ft.  long,  on  all  the  following  to 
and  including  Casing  and  Base,  excepting  where  otherwise  stated. 

56.  No.  I  Clear — Vertical  grain,  3,  4  and  6  in.  Shall  be  well  milled 
on  face,  must  have  perfect  edges  and  be  practically  free  from  all  defects. 
Bright  sap  showing  not  more  than  one-third  of  face  half  the  length  of 
piece  will  be  admitted.    Angle  of  grain  not  less  than  45  degrees. 

57.  No.  2  Clear — Vertical  grain,  3,  4  and  6  in.  Shall  be  well  manu- 
factured. Angle  of  grain  not  less  than  45  degrees.  Will  admit  of  slight 
roughness  in  dressing,  and  from  one  to  three  small,  close  pitch  pockets, 
or  equivalent  defects. 

A  piece  14  ft.  or  longer  may  have  one  defect  located  6  ft.  or  more 
from  end  of  the  piece,  which  can  be  cut  cut  by  wasting  not  more  than 
11/2  in.  in  the  length  of  the  piece,  provided  balance  of  piece  be  practically 
free  from  other  defects. 

58.  No.  3  Clear — Vertical  grain,  3,  4  and  6  in.  Angle  of  grain  not 
less  than  45  degrees.  Will  admit  of  roughness  in  dressing;  two  or  three 
small  lots  not  over  ^4  in-  in  diameter,  or  eight  small  pitch  pockets, 
any  three  of  which  may  be  open.  It  is  generally  understood  that  this  grade 
will  admit  such  defects  or  combination  of  defects  as  will  not  irnpair  its 
utility  for  cheap  floors. 

A  piece  otherwise  as  good  as  No.  2,  may  have  a  defect  that  can  be 
cut  out  and  the  piece  laid  with  .a  loss  of  not  more  than  23/2  in.  in  length, 
providing  the  defect  is  4  ft.  or  more  from  the  end  of  the  piece. 

59.  No.  2  Clear  and  Better— Flat  grain,  3,  4  and  6  in.  Shall  be  well 
manufactured;  will  admit  of  slight  roughness  in  dressing.  Either  of  the 
following  also  permitted  with  the  above.  Three  close  pitch  pockets,  not 
to  exceed  2  in.  each  in  length;  three  small,  tight,  smooth  knots  ;^  in.  in 
diameter,  or  their  equivalent  of  combined  defects. 

A  piece  14  ft.  or  longer  may  have  one  defect,  located  6  ft.  or  more 
from  the  end  of  the  piece,  that  can  be  cut  out  by  wasting  not  more  than 
iy2  in.  of  the  length  of  the  piece,  provided  balance  of  piece  be  practically 
free  from  other  defects. 

60.  No.  3  Clear— Flat  grain,  3,  4  and  6  in.  Will  admit  of  roughness 
in  dressing;  four  small  knots  not  over  54  in.  in  diameter,  or  eight  small 
pitch  pockets,  any  three  of  which  may  be  open,  or  without  the  above 
defects,  three  knots  not  over  i  in.  in  diameter,  or  the  equivalent  of  com- 
bined defects. 

A  piece  of  otherwise  as  good  as  No.  2,  can  have  a  defect  that  can  be 
cut  out  and  the  piece  laid  with  a  waste  of  not  more  than  2J/2  in.  in  its 
length,  providing  the  defect  is  4  ft.  or  more  from  the  end  of  the  piece. 

Vertical  grain  pieces  that  are  a  little  below  the  line  of  No.  3  vertical 
grain  will  be  admitted  in  this  grade. 

It  is  generally  understood  that  this  grade  will  admit  such  other  defects 
or  combinations  of  defects  as  will  not  impair  its  utility  for  cheap  floors  and 
sheathing. 
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CEILING. 

6i.  No.  2  Clear  and  Better— 3,  4  or  6  in.  Shall  be  well  manufactured. 
Will  admit  of  slight  roughness  in  dressing.  Either  of  the  following  also 
permitted  with  the  above:  Three  close  pitch  pockets,  not  to  exceed  2  in. 
each  in  length ;  three  small,  tight,  smooth  knots  H  in.  in  diameter,  or  their 
equivalent  in  combined  defects.     Both  Vertical  and  Flat  grain  admissible. 

A  piece  14  ft.  or  longer  may  have  a  defect  located  6  ft.  or  more  from 
the  end  of  the  piece  that  can  be  cut  out  by  wasting  not  more  than  i^  in. 
in  the  length  of  the  piece,  provided  balance  of  piece  be  practically  free 
from  other  defcts. 

62.  No.  3  Clear— 3,  4  or  6  in.  Allows  any  three  of  the  following 
defects:  Twenty-five  per  cent,  of  the  face  may  be  rough  from  dressing. 
Four-in.  stock  admits  of  not  to  exceed  six  tight  knots  54  in.  in  diameter, 
or  two  knots  i  in.  in  diameter,  or  three  open  pitch  pockets  not  to  exceid 
4  in.  each  in  length,  or  an  equivalent  number  of  tight  pitch  pockets.  Six- 
in.  is  correspondingly  graded,  with  proportionately  greater  defects.  Both 
Vertical  and  Flat  grain  admissible. 

A  piece  otherwise  as  good  as  No.  2,  may  have  a  defect  that  can  be 
cut  out  without  wasting  more  than  21^  in.  in  length  of  the  piece,  providing 
it  is  more  than  4  ft.  from  the  end. 

PARTITION. 

63.  4  or  6  in.  Shall  be  graded  same  as  Ceiling  on  one  face  side, 
with  the  reverse  side  not  more  than  one  grade  lower. 

PORCH    DECKING,   DROP    SIDING   AND    RUSTIC. 

64.  No.  2  Clear  and  Better— 4,  6  and  8  in.  Defects  based  on  piece 
6  in.  wide,  12  ft.  long.  Shall  be  well  manufactured.  Slight  roughness  in 
dressing  admissible;  will  allow  three  small,  tight  knots  not  more  than 
H  in.  in  diameter,  or  four  tight  pitch  pockets,  or  their  equivalent  of  com- 
bined defects. 

A  piece  14  ft.  or  longer  may  have  one  defect,  located  6  ft.  or  more 
from  the  end  of  the  piece,  that  can  be  cut  out  by  wasting  not  more  than 
iH  in.  in  the  length  of  the  piece,  provided  balance  of  piece  be  practically 
free  from  other  defects. 

,65.  No.  3  Clear— 4,  6  and  8  in.  Will  admit  of  roughness  in  dressing ; 
four  or  five  knots  not  larger  than  i  in.  in  diameter,  or  eight  small  pitch 
pockets,  any  three  of  which  may  be  open,  or  their  equivalent  of  combined 
defects. 

A  piece  that  is  otherwise  as  good  as  No.  2,  may  have  a  defect  that 
can  be  cut  out  by  wasting  not  more  than  2^  in.  in  the  length  of  the  piece, 
providing  that  it  is  more  tlian  4  ft.  from  tlic  end  of  the  piece. 

DEVEL  SIDING. 

66.  No.  2  Clear  and  Better— 4,  5  and  6  in.  Will  admit  of  slight  defects 
in  dressing  or  two  close  pitch  pockets  or  other  minor  defects,  but  each 
piece  shall  be  suitable  for  use  the  full  length  without  waste. 
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6t.  No.  3  Clear— 4,  5  and  6  in.  Will  admit  of  small,  sound  knots, 
small  pitch  pockets,  roughness  in  dressing  or  other  recognized  defects, 
but  not  to  exceed  four  of  any  of  the  said  defects  or  their  equivalent  in 
any  one  piece. 

STEPPING. 

68.  No.  2  Clear  and  Better— 8  to  14  in.  Shall  be  well  manufactured. 
Will  allow  chipped  grain  or  slight  torn  grain  on  face  and  nosed  edge, 
six  close  pitch  pockets.  With  one  of  the  above  defects  may  have  from 
one  to  three  spike  knots  that  do  not  show  more  than  2-in.  on  riser  edge 
of  the  face  side,  or  flat  grain  ^  of  the  face  on  the  riser  edge,  or  one  small 
pitch  pocket. 

FIR. 

69.  No.  3  Clear — Will  admit  of  medium  torn  grain,  heavy  torn  grain 
or  loose  grain  in  two  or  three  places;  season  checks  that  do  not  go 
through;  stain  covering  one-fourth  of  the  face  of  the  piece.  With  any 
one  of  the  above,  one  of  the  following  or  their  equivalent  of  combined 
defects  will  be  allowed;  eight  small  pitch  pockets  or  their  equivalent  of 
larger  pockets ;  wane  ^-in.  deep  on  back  edge,  J^-in.  wide  on  face ;  one 
standard  pitch  streak ;  six  small  knots ;  three  i-in.  knots,  or  their  equiva- 
lent of  pin  knots;  two  dog  holes  that  do  not  go  through;  six  picaroon  or 
grubworm  holes. 

FINISH. 

70.  Selected  Grain — i,  ij4,  i/^  and  2  in.  thick,  4  to  12  in.  wide.  Shall 
be  free  from  sap  and  all  defects  on  face  and  edges,  and  selected  for  beauty 
and  character  of  grain. 

71.  No.  2  Clear  and  Better— i,  i^,  lYz  and  2  in.  thick,  4  to  12  in.  wide. 
Based  on  1x8-12.  Rules  to  apply  proportionately  on  narrower  and  wider 
stock.  Will  allow  one  straight  split  not  exceeding  the  width  of  the  piece ; 
slight  torn  grain  on  face  and  edges ;  medium  torn  grain  in  one  or  two 
curly  places;  a  small  amount  of  stain.  In  addition  to  one  of  the  above 
one  of  the  following  will  be  allowed :  Three  tight,  smooth  pin  knots ;  one 
tight,  smooth,  small  knot;  three  to  five  tight  pitch  pockets  that  do  not  go 
through  the  piece ;  one  small  pitch  streak ;  three  picaroon  holes  not  more 
than  Yi,  in.  in  diameter;  two  or  three  small  kiln  or  seasoning  checks  or 
their  equivalent  of  combined  defects. 

It  is  understood  that  this  grade  shall  present  a  smooth  surface  after 
painting. 

A  piece  14  ft.  long  or  longer  may  have  a  defect  located  4  ft.  or  more 
from  the  end  that  can  be  cut  out  by  wasting  not  more  than  i^  in.  in  the 
length  of  the  piece;  provided  balance  of  piece  be  practically  free  from 
defects. 

72.  No.  3  Clear — i,  1%,  lY  and  2  in.  thick,  4  to  12  in.  wide.  Based 
on  1x8-12.  Rules  to  apply  proportionately  on  narrower  and  wider  stock. 
Will  admit  of  medium  torn  grain,  heavy  torn  grain  or  loose  grain  in  two 
or  three  places ;  season  checks  that  do  not  go  through  stain  covering  one- 
fourth  of  the  face  of  the  piece.     With  any  one  of  the  above,  one  of  the 
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following  or  their  equivalent  of  combined  defects  will  be  allowed.  Eight 
small  pitch  pockets  or  their  equivalent  of  larger  pockets ;  wane  Yz  in. 
deep  on  edge,  yS  in.  wide  on  face;  one  standard  pitch  streak;  six  small 
knots;  three  i-in.  knots,  or  their  equivalent  of  pin  knots;  two  dogholes 
that  do  not  go  through ;  six  picaroon  or  grubworm  holes. 

CASING   AND  BASE. 

T},.     To  be  graded  same  as  Finish. 

TANK   STOCK. 

74.  Must  be  water  tight  the  full  length  of  the  piece,  unless  it  is  for  cutting 
stock.  Small  knots,  or  pitch  pockets  which  do  not  go  through  the  piece, 
not  to  be  considered  defects.  Edges  to  be  practically  clear  or  to  contain 
no  defects  that  will  prevent  a  water-tight  joint  when  worked. 

Two-inch  stock  to  contain  practically  no  sap,  3-in.  stock,  when  12  in. 
wide,  to  allow  3  in.  of  sap  on  both  edges  of  face  side,  not  to  extend  over 
y^  in.  through  the  piece.     Can  be  either  vertical  or  slash  grain. 

TURNED  PORCH   COLUMNS. 

75.  No.  I  Columns  to  grade  80  per  cent.  Clear ;  the  balance  of  20 
per  cent,  to  admit  of  the  following  slight  defects :  Three  small  sound  knots 
not  over  ^  in.  in  diameter  on  the  smooth  part  of  the  turned  shaft,  or  on 
the  square,  or  three  tight  pitch  pockets,  to  be  not  over  3  in.  long,  or  the 
equivalent  in  both  knots  and  pitch  pockets.  Bright  sap  shall  be  no  defect. 
The  5x5  and  the  6x6  shall  be  bored  through  with  not  less  than  \y!\,-m.  bit. 

The  4x4  to  be  bored  through  the  square  ends.  The  Colonial  Columns 
shall  be  bored  through  with  not  less  than  a  2-in.  bit. 

Boring  to  be  at  the  option  of  the  manufacturer. 

FENCING. 

"jS.  Common  Fencing  must  be  manufactured  from  sound  stock ;  may 
contain  sound  knots  equal  in  diameter  to  not  over  one-third  of  the  width 
of  the  piece,  or  spike  knots  the  length  of  which  is  not  over  one-half  of 
the  width  of  the  piece.  May  have  wane  J4  i"-  deep  on  edge ;  not  over  i  in. 
on  face  and  one-quarter  the  length  of  the  piece ;  torn  grain ;  solid  pitch ; 
pitch  pockets ;  stain,  seasoning  checks  and  a  limited  number  of  wormholes 
well  scattered. 

yj.  One-inch  Selected  Common — 4  to  12  in.  Shall  be  square  edged. 
Will  admit  sound  knots  not  over  i  in.  in  diameter  in  4  in.  and  6  in.,  and 
not  over  VA  in.  in  8  in.  to  12  in.,  but  located  away  from  the  edge;  medium 
sized  pitch  pockets  and  slight  stain.  But  should  be  of  a  sound,  strong 
character. 

BOARDS   AND  SHIPLAP  AND   D.   &    M. 

78.  Common.  Will  admit  of  any  two  of  the  following,  or  their  equiv- 
alent of  combined  defects:  Wane  Yz  in.  deep  on  edge,  i  in.  wide  on  face, 
extending  not  over  one-sixth  of  the  length  of  the  piece;  knots  not  more 
than  one-third  of  the  width  of  the  piece  in  diameter;  stain;  torn  grain; 
pitch   streaks ;   pitch   pockets ;   seasoning   checks ;   one    stra^ht   split    not 
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longer  than  the  width  of  the  piece  or  a  limited  number  of  wormholes 
well  scattered.  These  boards  should  be  firm  and  sound  and  suitable  for 
use  in   ordinary  construction   without  waste. 

79.  No.  3  Common  Boards  or  Sheathing.  Will  admit  of  all  stock 
below  the  grade  of  Common  that  is  suitable  for  cheap  sheathing  and  will 
allow :  Coarse  knots ;  knotholes ;  splits ;  rotten  streaks ;  rotten  sap,  and 
any  number  of  grub  or  pinworm  holes. 

COMMON  JOIST  AND   SC.\NTLING. 

8c.  No.  I  Common.  Generally  speaking,  this  stock  must  be  suitable 
and  of  sufficient  strength  for  all  ordinary  construction  purposes  without 
waste.  Will  admit  of  coarser  knots  than  i-in.  Common,  which  in  a  2x4 
should  not  be  larger  than  2  in.  Spike  knots  not  over  two-thirds  the  width 
of  the  piece,  wane  not  over  y^  in.  deep  on  edges  and  i  inr.  wide  on  face, 
up  to  2x6,  and  V2  in.  deep  on  edge  and  lYz  in.  wide  on  face  on  2x8  and 
wider,  extending  not  more  than  one-quarter  the  length  of  the  piece ;  stain, 
solid  pitch,  pitch  pockets,  season  checks,  one  straight  split  not  more  than 
the  width  of  the  piece,  2  or  3  grubworm  holes,  a  limited  number  of  pin- 
worm  holes  and  torn  grain. 

81.  No.  2  Common.  This  grade  must  be  suitable  for  use  without 
waste  in  a  cheaper  class  of  construction  than  common.  Will  allow  coarse 
and  unsound  knots  and  knotholes  that  do  not  unfit  the  piece  for  use 
intended,  rotten  streaks,  pitch  seams,  pitch  pockets,  a  reasonable  amount 
of  rotten  sap  and  pinworm  holes,  a  few  grubworm  holes  well  scattered 
It  is  understood  that  no  culls  or  stock  that  will  not  work  without  waste 
will  be  allowed  in  this  grade. 

COMMON   TIMBERS. 

82.  No.  I  Common.  Rough  timbers,  4x4  and  larger,  shall  not  be  more 
than  y^  in.  scant  when  green,  and  be  evenly  manufactured  from  sound 
stock,  and  must  be  free  from  knots  that  will  materially  weaken  the  piece. 

Timbers  10x10  in  size  may  have  a  2-in.  wane  on  one  corner,  or  its 
equivalent  on  two  or  more  corners,  one-fourth  the  length  of  the  piece. 
Other  sizes  may  have  proportionate  defects.  Season  checks  and  checks 
extending  not  over  one-eighth  the  length  of  the  piece  admissible. 

83.  No.  2  Common  Timber.  This  is  a  grade  of  timber  that  will 
admit  of  large,  loose  or  rotten  knots,  shakes  or  rot  that  do  not  impair  its 
utility  for  temporary  work.  Hemlock  and  white  fir  will  not  be  allowed 
in  this  grade. 

SELECTED   COMMON. 

84.  2x4  to  2X12  and  3x4  to  4x6  shall  be  square  edged.  Will  admit 
any  quantity  of  sound  knots,  not  over  i  in.  in  diameter,  or  small  pitch 
pockets  not  over  4  in.  in  length.  Sizes  larger  than  4.X6  will  admit  sound 
knots  not  to  exceed  1J/2  in.  in  diameter;  pitch  pockets  not  to  exceed  6  in. 
in  length. 

It  i?  understood  that  this  is  Selected  Conunon,  a  grade  lower  than 
No    3  Clear,  and  not  to  be  confused  with  it. 
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STANDARD    SIZES. 

92.     In  the  absence  of  a  special  agreement  between  the   buyer  and 
seller  for  each  order,  all  dressed  lumber  is  finished  to  the  following  sizes : 

Flooring. 

I     x3 Finished  Size     ilx2j4  face 

I     M '...Finished  Size     i%x2^^  face 

I     x6 Finished  Size     iixs^  face 

1/4^4 Finished  Size  11^x3^  face 

1/4^6 .- Finished  Size  It^x5>^  face 

Ceiling. 

^X4 Finished  Size  :fVx3j4  face 

Hx6 Finished  Size  ^fexsJ/^  face 

ViM Finished  Size  1^x3^  face 

Hx6 Finished  Size  t^xsJ/^  face 

y&M Finished  Size  ^3x3^  face 

5^x6 Finisned  Size  -i^xsYs  face 

1     x4 Finished  Size  ihxy/i  face 

I     xb Finished  Size  Hx^ys  face 

Partition. 

I     X4 Finished  Size     H^3%  face 

I     xO Finished  Size     ^x^ys  face 

Shiplap  and  D.  &  M. 

I     x8 Finished  Size     J^x?       face 

I     xio Finished  Size     }^xg      face 

I     xi2 Finished  Size     ^xii     face 

Drop  Siding. 

I     x4 Finished  Size     54x3/4  face 

I     x6 Finished  Size     ^xsyi  face 

I     x8 Finished  size     ^xj       face 

Rustic. 

I     x6 Channel,  Finished  Size  ^X4}i,  V2  i"-  Rabbet 

.1     x8 Channel,  Finished  Size  ^x6^   14   in.  Rabbet 

I     x6 V.  Finished  Size  Mx4?^  H  in.  Rabbet 

I     x8 V.  Finished  Size  J4x6>>4   yi  in.  Rabbet 

For    further    particulars    see    diagrams    of    standard 
patterns. 

Dimension,  SiSiE  or  S4S — 

2x  4  to  i^x  35^  3x  6  to  2V2X  sH 

2x  6  to  i-Hx  5^  3x  8  to  2^4x  71/2 

2x  8  to  i^x  jVz  3x10  to  2J/2X  gYi 

2x10  to  \y^x  gl4  3x12  to  2^2X11^ 

2X12    to     1^X11^2 
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Timbers,  SiSiE  or  S4S — 
4x4  and  larger,  J^  in.  off  each  way. 

Finishing,  Thickness  SiS  or  S2S — 

1  in.  to     J4  i^  in.  to  iT^K 
i^  in.  to  it^                                      2      in.  to  i^ 

Widths,  if  Dressed  on  One  or  Both  Edges — 

4  in.  to  35^  in.  10  in.  to    g]4.  in. 

5  in.  to  4^  in.  12  in.  to  11^  in. 

6  in.  to  sH  in.  14  in.  to  13      in. 
8  in.  to  7%  in.  16  in.  to  15      in. 

Common  Boards  and  Sheathing — 
SiS  or  S2S  to  }i  in. 

Grooved  Roofing — 
^  in.x7J4,  9/4)  II  i"4  in.  face  ^  in.  Groove  1J/2  in.  from 
each  edge. 

Bevel  Sidings 
6   in. — ^    in.    thin   edge.      14    in.    thick   edge.      5^/^    in. 
wide.    4  in. — Same  thickness,  33^2  inches  wide. 

Pickets — 
iJ4  in.  square,  i  1-16x1  1-16  in.  S4S 
i^  in.  square,  i  5-16x1  5-16  in.  S4S 
1x3  flat,  H^^yi  in.  S4S 

Standard  Lath — 
1-3  in.  XI  1-2x4  ft. 

BATTENS. 

Are   usually    made    of   edgings    of   good,    sound    stock 
and  worked  to  the  following  sizes  : 
3  in.  Flat  to  t^5X2>^  in. 

2  in.  O.  G.  to  54x1%  in. 
21^  in.  O.  G.  to  %x2i4  in. 

3  in.  O.  G.  to  %x2j^  in. 


Appendix  B. 

CLASSIFICATION,    GRADING    AND    DRESSING    RULES    FOR 

NORTHERN   PINE,  INCLUDING  WHITE  AND 

NORWAY  PINE  AND   HEMLOCK. 

1.  Norway  Pine.  To  cover  Norway  or  Red  Pine  grown  in  Michigan, 
Minnesota,  Wisconsin  and  Canada. 

White  Pine  to  cover  wood  from  tree  of  that  name  grown  in  Maine, 
Michigan,  Wisconsin,  Minnesota  and  Canada. 

2.  Northern  Pine  Lumber  shall  be  graded  and  classified  according  to 
the  following  rules  and  specifications  as  to  quality,  and  dressed  stock  shall 
conform  to  the  subjoined  table  of  standard  sizes,  except  where  otherwise 
expressly  stipulated  between  buyer  and  seller. 

3.  Recognized  defects  in  Northern  Pine  are  knots,  knotholes,  splits, 
shake,  wane,  wormholes,  pitch  pockets,  torn  grain,  loosened  grain,  sap, 
sap  stain,  checks  and  rot. 

KNOTS. 

4.  Knots  shall  be  classified  as  pin,  small  and  large  or  coarse,  as  to 
size,  and  round  or  spike,  as  to  form,  and  as  sound,  loose,  encased,  pith 
and  rotten,  as  to  quality. 

5.  A  pin  knot  is  sound  and  shall  not  exceed  Yz  in.  in  diameter. 

6.  A  small  knot  is  larger  than  a  pin  knot  and  shall  not  exceed  1J/2 
in.  in  diameter. 

7.  A  large  or  coarse  knot  is  one  of  any  size  over  i^  in.  in  diameter. 

8.  A  round  knot  is  oval  or  circular  in  form. 

9.  A  spike  knot  is  one  sawn  in  a  lengthwise  direction. 
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Small  and  Round  Pocket. 


Large  Knot. 
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Spike  Knot. 


] 


MiUNo  knot; 
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The  mean  or  average  diameter  of  knots  shall  be  considered  in  apply- 
ing and  construing  these  rules. 

10.  A  sound  knot  is  one  solid  across  its  face;  is  as  hard  as  the  wood 
it  is  in  and  is  so  fixed  bj'  growth  or  position  that  it  will  retain  its  place  in 
the  piece. 

ir.  A  loose  knot  is  not  firmly  set,  but  still  retains  its  place  in  the 
piece. 

12.  A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  J4 
in.   in   diameter. 

13.  An  encased  knot  is  one  surrounded  wholly  by  bark  or  pitch. 

14.  A  rotten  knot  is  one  not  as  hard  as  the  wood  it  is  in. 


Loose  Knot. 
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Encased  Knot. 
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PITCH. 

15.  Pitch  pockets  are  openings  between  the  grain  of  the  wood  con- 
taining more  or  less  pitch  or  bark,  and  shall  be  classified  as  small,  standard 
and  large  pitch  pockets. 

1 6.  A  small  pitch  pocket  is  one  not  over  %  of  an  in.  wide. 

17.  A  standard  pitch  pocket  is  one  not  over  H  of  an  in.  wide,  or  3 
in.  in  length.  " 

18.  A  large  pitch  pocket  is  one  over  5^  of  an  in.  wide  or  over  3  m. 

in  length. 

19.  A  pitch  pocket  showing  open  on  both  sides  of  the  piece  Vs  of  an 
in.  or  more  in  width  shall  be  considered  the  same  as  a  knothole. 


Small  Pitch  Pocket. 


WANE. 


20.     Wane  is  bark,  or  the  lack  of  wood,  from  any  cause,  on  edge. 

SAP. 

21  White  or  bright  sap  shall  not  be  considered  a  defect  in  any  of  the 
grades  provided  for  and  described  in  these  rules,  except  where  stipulated. 

miscellaneous. 

22  Defects  in  rough  stock  caused  by  improper  manufacture  and  dry- 
ing will  reduce  grade,  unless  they  can  be  removed  in  dressing  such  stock 

to  standard  sizes.  ,    ,.  ,      •  ».j 

23  All  lumber  for  uses  described  in  these  rules  shall  be  inspected 
on  the  face  side  to  determine  the  grade,  and  ibc  face  side  is  tbe  side 
showing  the  best  quality  or  appearance. 
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24.  Chipped  grain  consists  in  a  part  of  the  surface  being  chipped  or 
broken  out  in  small  particles  below  the  line  of  the  cut,  and  as  usually 
found  should  not  be  classed  as  torn  grain,  and  shall  not  be  considered  a 
defect. 

25.  Torn  grain  consists  in  a  part  of  the  wood  being  torn  out  in  the 
dressing.  It  occurs  around  knots  and  curly  places,  and  is  of  four  distinct 
characters:    slight,   medium,   heavy  and    deep. 

Slight  torn  grain  shall  not  exceed  1-32  of  an  in.  in  depth,  medium 
1-16  of  an  in.,  and  heavy  ys  of  an  in.  Any  torn  grain  heavier  than  14  of 
an  in.  shall  be  termed  deep. 

26.  The  grade  of  all  regular  stock  shall  be  determined  by  the  num- 
ber, character  and  position  of  the  defects  visible  in  any  piece.  The  enu- 
merated defects  herein  described  admissible  in  any  grade  are  intended  to 
be  descriptive  of  the  coarsest  pieces  such  grades  may  contain,  but  the 
average  quality  of  the  grade  shall  be  midway  between  the  highest  and  low- 
est pieces  allowed  in  the  grade. 

27.  Lumber  and  timber  sawed  for  specific  purposes  must  be  inspected 
with  a  view  to  its  adaptability  for  the  use  intended. 

28.  All  dressed-  stock  shall  be  measured  strip  count,  viz. :  Full  size  of 
rough  material  necessarily  used  in  its  manufacture. 

29.  Lumber  must  be  accepted  on  grade  in  the  form  in  which  it  was 
shipped.  Any  subsequent  change  in  manufacture  or  mill  work  will  pro- 
hibit an  inspection  for  the  adjustment  of  claims,  except  with  the  consent 
of  all  parties  interested. 

BRIDGE    AND    TRESTLE     TIMBERS. 

No  specifications  for  White  Pine,  Norway  Pine  and  Hemlock  have 
been  framed,  pending  action  by  the  Committee  on  Wooden  Bridges  and 
Trestles. 

NORTHERN    PINE    BUILDING    LUMBER. 
FINISHING. 

Clears. 

31.  First  Clear. — This  should  be  twelve  inches  or  wider  and  free 
from  all  defects. 

32.  Second  Clear. — This  should  be  ten  inches  or  wider.  When  ten 
inches  wide  it  should  be  free  from  all  defects.  A  twelve-inch  board  must 
have  a  perfect  face.  A  half-inch  of  white  sap  on  each  edge,  or  one  in. 
of  sap  on  one  edge  of  back  is  allowed.  In  the  absence  of  sap  one  or  two 
small  pin  knots  not  to  exceed  one-half  in.  in  diameter  are  admissible. 
Pieces  wider  than  twelve  in.  must  have  a  perfect  face  but  can  have  sap  or 
knot  defects  proportionally  greater  as  the  piece  is  wider. 

33.  Third  Clear. — This  should  be  eight  inches  or  wider.  A  piece 
eight  inches  wide  should  be  free  from  all  defects  on  both  faces.  In  a 
ten-inch  piece  one  or  two  small  knots,  not  to  exceed  one-half  inch  in 
diameter,  or  in  the  absence  of  knots,  white  sap  not  to  exceed  one-half  in. 
in  width  on  each  edge,  or  one  in.  in  width  on  one  edge  is  admissible.     A 
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piece  from  twelve  inches  to  fourteen  inches  wide  may  have  one  in.  of 
white  sap  on  each  edge  of  face  or  more  sap  on  one  edge.  In  the  absence 
of  sap  or  with  less  sap  one  or  two  small  knots  an  inch  in  diameter  are 
admissible.  Wider  stock  can  have  more  sap  or  slightly  larger  knots. 
The  reverse  side  of  Third  Clear  ten  inches  and  wider  should  not  show 
poorer  in  quality  than  "A"  Sekct  face. 

"A"  Select. 

34.  "A"  Select  should  be  eight  inches  or  wider.  On  the  face  side  an 
eight-in.  piece  should  be  nearly  perfect.  An  in.  of  white  sap  on  one  edge 
or  one  or  two  sound  knots  not  to  exceed  one-half  in.  in  diameter  are  ad- 
missible. 

35.  A  ten-inch  piece  will  admit  of  an  inch  and  a  half  of  white  sap 
full  length  of  one  edge  or  less  sap  on  both  edges  of  face  with  no  other 
defects,  or  will  admit  of  two  or  three  knots  one-half  in.  in  diameter  if 
well  scattered,  or  one  or  two  knots  not  over  an  inch  in  diameter  if  well 
located. 

36.  Pieces  fourteen  inches  and  wider  will  admit  of  proportionately 
greater  sap  and  knot  defects  as  width  increases,  or  very  slightly  local 
shake,  or  a  straight  split  for  six  or  eight  inches,  or  one  or  two  large 
worm  holes  near  end  or  edge. 

"B"  Select. 

2,7.    "B"  Select  should  be  8  in.  or  wider. 

38.  In  this  grade  white  sap  is  not  considered  a  defect  unless  too 
many  other  imperfections  appear. 

39.  Knots,  shake  and  a  small  amount  of  stained  sap  are  admissible. 

40.  An  eight-in.  or  ten-in.  piece  should  have  but  very  little  shake. 
Wider  pieces  can  have  more  shake,  but  it  should  be  local  and  not  scat- 
tered over  the  face  of  the  piece. 

41.  Slightly  stained  sap  is  admissible  when  other  defects  are  not  of 
a  serious  nature,  the  amount  of  stained  sap  depending  upon  width  of 
piece. 

"C"  Select. 

42.  "C"  Select  must  be  eight  inches  or  wider. 

43.  This  grade  will  admit  of  quite  serious  defects  if  the  piece  re- 
trins  at  the  same  time  a  fair  appearance. 

44.  The  defects  admissible  are  the  same  as  those  in  "B"  Select,  but 
exist  to  a  greater  degree. 

"D"  Select. 

<5.     "D"  Select  should  be  8  inches  or  wider. 

46.  This  grade  admits  any  piece  of  lumber  that  has  the  appearance  of 
finishing  or  a  percentage  of  cutting  in  whicli  the  defects  are  too  numer- 
ous or  too  serious  to  admit  of  its  being  graded  into  "C"  Select. 

47.  Blue  sap  covering  two-tliirds  of  the  face  will  be  admitted.  This 
description  embraces  one  in.,  one  and  one-fourth  in.,  one  and  one-half  in. 
and  two  in.  stock  and  is  graded  strictly  from  the  face  without  regard  to 
the  back  and  cannot  be  recommended  for  quality. 
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"D"  Stock  and  Box. 

48.  This  is  a  grade  of  smooth-looking  and  sound-knotted  lumber 
with  edges  free  from  wane  and  the  grade  practically  free  from  shake. 

49.  The  knots  may  be  either  black  or  red,  but  should  be  sound  and 
firmly  set,  varying  in  size  from  an  inch  and  a  half  down. 

50.  A  "D"  Box  Board  may  have  any  number  of  sound  knots,  de- 
pending entirely  upon  their  size  and  location. 

51.  A  i2-in,  "D"  Stock  board  should  contain  a  less  number  of  knots 
than  a  "D"  Box,  and  8  and  lo-in.  "D"  Stock  boards  relatively  smaller 
knots  and  less  in  number.  This  grade  is  nothing  more  than  an  extra 
smooth  No.  I  Common. 

"C"  and  Better  Norway. 

52.  C  and  Better  Norway  shall  be  4  inches  or  wider  and  of  the  same 
thickness  as  white  pine. 

53.  White  sap  is  no  defect,  and  one-fifth  the  surface  of  the  face  may 
be  covered  with  sound,  stained  spp,  if  not  in  combination  with  other  de- 
fects. 

54.  This  grade  should  te  practically  free  from  shake,  rot  and  splits. 

55.  The  knotty  and  wane  defects  in  the  low  line  pieces  of  this  grade 
should  be  the  same  as  in  the  grades  of  white  pine  B  Strips  and  B  Selects. 

56.  All  knots  to  be  sound  and  firmly  set.  The  product  of  the  log 
better  than  described  above  is  included  in  this  grade. 

SIDING. 

General  Instructions. 

57.  Beveled  Siding  should  be  graded  from  the  face  side  only. 

58.  Defects  on  the  thin  edge  which  will  cover  when  laid  should  not 
be  given  the  same  consideration  as  defects  elsewhere. 

"A"  and  Clear  Siding. 

59.  "A"  and  Clear  Siding  will  admit  of  bright  sap  on  thin  edge 
which  will  cover  when  laid,  or  a  half-inch  of  bright  sap  on  thick  edge  for 
one  to  two  feet,  or  in  the  absence  of  sap  one  or  two  pin  knots. 

"B"  Siding. 

60.  "B"  Siding  will  admit  of  any  amount  of  white  sap,  or  two  or 
three  sound  knots  not  to  exceed  one-half  inch  in  diameter,  well  scattered 
over  the  face  of  the  piece. 

"C"  Siding. 

61.  "C"  Siding  will  admit  of  any  amount  of  bright  sap. 

62.  When  sap  defect  is  not  too  pronounced,  two  or  three  small 
knots,  not  exceeding  one  inch  in  diameter,  or  more  knots  when  smaller, 
or  slight  shake  are  admissible. 

63.  A  small  amount  of  slightly  blue  sap  on  the  thick  edge  is  admis- 
sible, or  more  blue  sap  on  the  thin  edge. 

64.  Defects  requiring  one  cut  not  to  exceed  four  in.  of  waste  are 
allowed  in  high  line  pieces  twelve  ft.  long  and  longer. 
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"D"  Siding. 

65.    "D"   Siding  will  admit  of  considerable  shake  and  stained   sap. 
With  or  without  either  of  these  defects  a  piece  may  have  a  number  of 
small  knots  well  scattered  over  the  face. 
"E"  Siding. 

i        66.    This  is  the  lowest  recognized  grade  of  Beveled  Siding  and  will 
admit  of  the  sap,  knot  and  shake  defects  not  admissible  in  "D"  Siding. 

67.  Many  pieces  showing  seriously  defective  mill  work  are  found  in 
this  grade. 

FLOORING. 

"A"  Flooring. 

68.  "A"  Flooring  is  a  one-faced  strip  and  should  lay  with  a  prac- 
tically clear  face. 

69.  A  half  in.  of  bright  sap,  or  one  or  two  small  pin  knots  are  ad- 
missible in  this  grade. 

"B"  Flooring. 

70.  "B"  Flooring  will  admit  of  any  amount  of  white  sap,  or  two  or 
three  knots  from  a  quarter  to  half  an  inch  in  diameter. 

"C"  Flooring. 

71.  "C"  Flooring  will  admit  of  bright  sap  face  or  two  knots  one  in. 
in  diameter,  or  three  to  five  knots  one-half  in.  or  less  in  diameter,  but  not 
a  combination  of  these  defects  unless  of  a  decidedly  less  amount,  and  must 
be  practically  free  fronl  shake.  , 

"D"  Flooring. 

72.  "D"  Flooring  is  a  grade  between  No.  i  Fencing  D  &  M  and  "C" 
Flooring,  and  will  admit  in  a  general  way  the  imperfections  of  both 
grades. 

72-  In  a  knotty  type  the  knots  must  be  smaller  and  fewer  in  num- 
ber than  in  No.  i  Fencing,  and  may  be  either  red  or  black. 

74.  Some  stained  sap  is  allowed  and  tight  local  shake. 

75.  Defects  requiring  one  cut,  not  to  exceed  four  inches  of  waste, 
are  allowed  in  high  line  pieces  12  feet  long  and  longer. 

Farmers'  Clear  Flooring. 
y6.    Farmers'  Clear  Flooring  is  of  a  practically  clear  appearance. 

77.  The  knotty  defects  shall  not  exceed  that  of  a  "C"  Flooring. 

78.  The  leading  defect  is  shake,  which  may  be  scattered  over  the 
face  of  the  strip. 

No.  I  Fencing  D  &  M. 

79.  This  should  be  simply  sound  No.  i  Fencing  worked  to  flooring, 
and  of  the  character,  when  worked,  described  under  the  title  of  No.  i 
Common  Strips. 

No.  2  Fencing  D  &  M. 

80.  This  should  be  simply  No.  2  Fencing  worked  to  flooring,  and  of 
the  character,  when  worked,  described  under  the  title  of  No.  2  Common 
strips. 
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No.  3  Fencing  D  &  M. 

8i.  No.  3  Fencing  D  &  M  is  the  regular  grade  of  No.  3  Fencing 
worked  to  flooring  and  maj'  contain  coarse  knots,  an  occasional  knot 
hole,  splits,  wane,  worm  holes,  streaks  of  red  rot,  and  a  great  deal  of  shake, 
but  not  a  serious  combination  of  these  defects. 

Common   Lumber. 

82.  Common  lumber  may  consist  of  white  or  Norway  pine,  or  a 
mixture  of  both. 

83.  The  characteristic  of  Common  lumber,  as  distinguished  from 
Finishing,  consists  of  a  general  coarseness  of  appearance,  caused  by  vari- 
ous defects  and  combinations  of  defects,  in"^  greater  or  less  degree 
according  to  the  grade. 

No.   I  Common  Boards  and   Strips. 

84.  No.  I  Common  Boards  and  Strips  includes  all  sound,  tight-knot- 
ted stock,  whether  red  or  black  knots,  free  from  very  large  coarse  knots, 
or  any  imperfections  that  will  weaken  the  piece. 

85.  This  grade  should  be  of  a  character  fitting  it  for  ordinary  use, 
except  finishing  purposes. 

86.  Knots,  medium  colored  blue  sap,  or  a  small  amount  of  shake 
are  admissible  if  they  do  not  affect  the  general  utility  of  the  piece. 

87.  Norway  Boards  and  Strips,  except  Clear  and  Select,  should  not 
be  put  higher  than  No.  i  Common.  The  class  of  Norway  admissible  in 
this  grade  can  contain  either  black  or  red  knots,  provided  they  are  small 
and  firmly  set,  or  medium  colored  blue  sap  covering  the  entire  piece. 

No.  2  Common  Boards  and  Strips. 

88.  No.  2  Boards  and  Strips  are  subject  to  the  same  general  inspec- 
tion as  No.  I,  except  that  coarser  and  larger  knots,  not  necessarily  sound, 
more  stained  sap  and  shake  are  allowed.  "V"  and  coarse  limb  knots, 
heart  shake  or  slight  trace  of  rot,  when  firm,  or  occasional  worm  holes, 
are  defects  admissible  in  this  grade. 

89.  Norwaj',  with  stained  sap  covering  the  entire  face  of  the  piece, 
is  admissible  if  not  in  combination  with  other  marked  defects. 


No.  3  Common  Boards  and  Strips. 
90.     The  general  appearance  of  this  grade  of  lumber  is  coarse,  adniit- 


tmg: 

91 
92 

93 
94 
95 
96, 

97 


Large  loose  or  unsound  knots. 

An  occasional  knot  hole. 

A  great  deal  of  shake. 

Some  red  rot. 

Large  worm  holes. 

Any  amount  of  blue  sap. 

Not  a  serious  combination  of  these  defects  in  any  one  piece  is 


adniissible. 
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No.  4  Boards  and  Strips. 

98.     The  predominating  defect  characterizing  this  grade  is  red  rot. 

99-  Other  types  are  pieces  showing  numerous  large  worm  holes,  or 
several  knot  holes,  or  pieces  that  are  extremely  coarse  knotted,  waney, 
shaky  or  badly  split. 

100.  Norway,  when  extrenrely  cross  checked,  is  admissible  in  this 
grade. 

No.  5  Boards, 
roi.     No.  5  Boards  is  the  lowest  recognized  grade  and  admits  of  all 
defects  known  in   lumber,  provided  the   piece  is   strong   enough   to  hold 
together  when  carefully  handled. 

JOISTS,    SCANTLING   AND    TIMBER. 

No.  I. 

102.  No.  I  joists  and  scantling  must  be  of  a  good,  sound  character, 
but  will  admit  of  defects  that  do  not  impair  the  strength  of  the  piece. 

103.  On  basis  of  2x4,  wane  on  edge  is  admissible,  one-half  in.  deep, 
for  half  the  length,  or  a  proportionate  amount  for  a  shorter  distance  or 
on  both  edges.  In  any  case,  one  side  and  two  edges  should  allow  a  good 
nailing  surface,  it  being  understood,  however,  that  the  wane  shall  in  no  case 
extend  over  one-half  the  side  of  the  piece. 

104.  A  few  worm  holes  admissible. 

105.  Stained  sap  is  not  considered  a  defect. 

106.  Timbers  and  3-in.  plank  admit  proportionately  greater  defects. 

107.  Two-in.  dimension  of  this  grade  may  contain  20  per  cent,  of  No. 
I  tamarack,  and  3-in.  and  thicker  and  timbers  may  contain  any  amount 
of  No.  I  tamarack. 

No.  2. 

108.  No.  2  will  admit  of  large,  coarse  knots,  not  necessarily  sound, 
considerable  wane,  also  shake,  worm  holes,  red,  dozy  streaks,  crooked 
pieces  or  other  defects  which  weaken  or  impair  the  pieces  to  such  an  ex- 
tent as  to  render  it  unfit  for  No.  i  grade. 

109.  Any  amount  of  No.  2  tamarack  is  admissible  in  this  grade. 

No.  3. 
no.  .  No.  3  will  admit  a  great  deal  of  rot  and  all  the  imperfections 
allowed  in  No.  i  and  No.  2,  but  in  a  much  more  pronounced  form,  and 
any  amount  of  No.  3  tamarack. 

HEMLOCK  BUILDING  LUMBER. 

BOARDS   AND   STRIPS. 

III.     There  are  five  grades  made  in  Boards  and  Strips. 

Inch  Clear  and  Select. 

Inch  D  Stock. 

No.  I,  or  Common. 

No.  2,  or  Sheathing. 

No.  3,  or  Cull. 
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Inch  Clear  and   Select. 

112.  Inch  Clear  and  Select  should  be  four  in.  and  wider,  and  eight 
ft.  long  and  longer,  not  to  exceed  ten  per  cent,  eight  ft.  long. 

113.  This  grade  is  especially  adapted  for  interior  finish  and  only  the 
face,  or  best  side,  is  expected  to  show,  although  some  attention  should  be 
given  to  the  back  of  the  piece. 

114.  The  face  shall  show  no  wane,  but  the  back  may  show  such  an 
amount  of  wane  or  other  defects  as  will  not  interfere  with  the  use  of  the 
piece  for  finishing  purposes. 

115.  No  shake  or  season  check  shall  be  allowed  on  the  face  side, 
but  a  very  little  tight  shake  and  checks  that  are  not  deep  may  appear  on 
the  back  of  the  piece. 

116.  This  grade  will  admit  on  the  face  side  of  several  tight  pin 
knots  not  over  three-eighths  of  an  inch  in  diameter.  In  a  four  or  six-inch 
twelve  feet  and  longer  piece,  not  more  than  three  knots  are  admissible, 
and  proportionately  more  in  a  wider  piece. 

117.  A  ten  or  twelve-inch  piece  twelve  feet  and  longer  will  not  ad- 
mit of  more  than  three  sound,  firmly  set  knots,  not  to  exceed  three- 
fourths  of  an  in.  in  diameter.  Narrower  and  shorter  pieces  will  admit 
of  fewer  large  knots,  but  not  a  combination  of  large  knots  and  other 
defects. 

118.  Pieces  twelve  feet  and  longer  are  admissible  that  will,  with 
not  more  than  ten  per  cent,  of  waste,  produce  two  clear  cuts  each  four 
feet  long  or  longer. 

Inch  D  Stock. 

119.  Inch  D  Stock  shall  consist  of  Boards  and  Strips  below  the 
grade  of  Clear  and  Select,  four  inches  and  wider,  and  eight  feet  long  and 
longer,  not  to  exceed  ten  per  cent,  eight  feet  long,  and  must  be  of  a 
sound  and  watertight  character. 

120.  All  knots  must  be  sound  and  firmly  set.  Red  knots  must  not 
exceed  one  and  one-fourth  of  an  in.  in  diameter,  and  spike  knots  must 
not  exceed  in  length  one-fourth  the  width  of  the  piece.  Black  knots  must 
not  exceed  three-fourths  of  an  inch  in  diameter,  and  must  be  especially 
well  set. 

121.  A  six-inch  strip  twelve  feet  long  shall  not  contain  more  than 
three  defects  of  the  extreme  sizes.  A  wider  or  longer  piece  may  contain 
relatively  more  of  these  defects ;  and  narrower  and  shorter  pieces  rela- 
tively less.  The  general  appearance  of  the  piece  must  be  taken  into  con- 
sideration. 

122.  No  shake  shall  be  allowed  in  this  grade,  but  slight  season 
checks  and  water  stain  shall  not  be  considered  defects. 

123.  This  grade  shall  be  suitable  for  sound  Drop  Siding,  Ceiling 
and  Flooring,  and  shall  have  a  smooth  appearance,  especially  on  the 
edges. 

No.   I,  or  Common. 

124.  The  Grade  of  No.  i,  or  Common,  in  boards  or  strips,  includes 
stock  of  a  generally  sound  character. 
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125.  Some  shake  is  admissible. 

126.  Numerous  knots,  whether  red  or  black. 

127.  An  occasional  knot  hole  in  a  smooth  appearing  piece,  or  in  a 
wide,  smooth  piece  two  or  three  small  holes. 

128.  Some  water  stain  of  a  firm  character. 

No.   2,    or    Sheathing. 

129.  Boards  or  strips  will  admit  of  considerable  shake. 

130.  Black,  unsound  knots. 

131.  Two  or  three  good  sized  knot  holes,  or  more  of  small  ones. 

132.  Streaks  or  patches  of  discoloration,  showing  partial  decay. 

133-  The  grade  can  be  safely  recommended  for  ordinary  sheathing  or 
roof  boards. 

No.  3,  or  Cull  Boards  and  Strips. 

134.  This  is  the  lowest  grade  made  in  hemlock. 

135.  The  defects  may  consist  of  very  excessive  shake. 

136.  Badly  shattered  stock. 

137.  Very  coarse,  unsound  knots. 

138.  A  great  deal  of  rot. 

139.  Excessive  cross  checks. 

PIECE    STUFF   OR   DIMENSION. 

No.  I  Dimension. 

140.  The  grade  of  No.  i  Dimension  will  admit  of  shake  that  will 
not  materially  affect  the  strength  of  the  piece. 

141.  Also  knots,  either  black  or  red,  that  are  well  located  and  fairly 
sound. 

142.  Or  a  knot  hole  that  will  not  impair  its  strength. 

143.  Or  some  slight  cross  checks,  or  sound  water  stain. 

144.  This  grade,  while  admitting  the  above  defects,  must  at  the 
same  time  retain  the  element  of  strength  required  for  any  ordinary  build- 
ing purposes. 

No.  2  Dimension. 

145.  The  grade  of  No.  2  Dimension  includes  stock  not  good  enough 
to  be  classed  as  No.  i  and  the  defects  admissible  are  of  the  same  general 
character  as  the  defects  found  in  No.  i,  except  that  they  are  more  pro- 
nounced. 

146.  It  is  the  lowest  grade  recommended  for  ordinary  building  pur- 
poses. 

147.  Considerable  shake,  large  unsound  knots,  loose  knots,  knot 
holes,  and  cross  checks  are  all  admissible  in  this  grade,  but  not  a  serious 
combination  of  these  defects  in  any  one  piece. 

148.  This  grade  can  be  recommended  for  cheap  construction  in 
small  buildings. 

Cull  Piece  Stuff. 

149.  This  grade  cannot  be  recommended   for  ordinary  construction. 

150.  The  defects  are  very  excessive  shake,  or  badly  sh.ittcred  stock, 
numerous  knot  holes,  very  large,  coarse,  rotten  knots,  or  considerable  rot. 


Appendix  C. 

CLASSIFICATION,   GRADING  AND   DRESSING   RULES   FOR 
SOUTHERN  YELLOW  PINE. 

1.  Southern  Yellow  Pine. — To  cover  Long-leaf  and  Short-leaf  Yellow 
Pine  grown  in  the  Southern  States. 

2.  Southern  Yellow  Pine  Lumber  shall  be  graded  and  classified  ac- 
cording to  the  following  rules  and  specifications  as  to  quality,  and  dressed 
stock  shall  conform  to  the  subjoined  table  of  standard  sizes,  except  where 
otherwise  expressly  stipulated  between  buyer  and  seller. 

3.  Recognized  defects  in  Southern  Yellow  Pine  are  knots,  knot  holes, 
splits  (either  from  seasoning,  ring  hearts  or  rough  handling),  shake,  wane, 
red  heart,  pith,  rot,  rotten  streaks,  dote,  red  heart,  wormholes,  pitch 
streaks,  pitch  pockets,  torn  grain,  loosened  grain,  seasoning  or  kiln  checks 
and  sap,  sap  stains  and  imperfect  manufacture. 

KNOTS. 

4.  Knots  shall  be  classified  as  pin,  standard  and  large,  as  to  size ;  and 
round  and  spike,  as  to  form ;  and  as  sound,  loose,  encased,  pith  and  rotten, 
as  to  quality. 

5.  A  pin  knot  is  sound  and  not  oyer  Yz  in.  in  diameter. 

6.  A  standard  knot  is  sound  and  not  over  1^-2  in.  in  diameter. 

7.  A  large  knot  is  one  any  size  over  lYz  in.  in  diameter. 

8.  A  round  knot  is  oval  or  circular  in  form. 

9.  A  spike  knot  is  one  sawn  in  a  lengthwise  direction. 

The  mean  or  average  diameter  of  knots  shall  be  considered  in  apply- 
ing and  construing  these  rules. 

10.  A  sound  knot  is  one  solid  across  its  face ;  is  as  hard  as  the  wood 
it  is  in  and  is  so  fixed  by  growth  or  position  that  it  will  retain  its  place 
in  the  piece. 

11.  A  loose  knot  is  one  not  held  firmly  in  place  by  growth  or  posi- 
tion. 

12.  A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  J4  i"- 
in  diameter. 

13.  An  encased  knot  is  one  surrounded  wholly  or  in  part  by  bark 
or  pitch.  Where  the  encasement  is  less  than  H  of  an  in.  in  width  on  both 
sides,  not  exceeding  one-half  the  circumference  of  the  knot,  it  shall  be 
considered  a  sound  knot.     (See  Sections  10  and  17.) 

14.  A  rotten  knot  is  one  not  as  hard  as  the  wood  it  is  in. 
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Pin  Knot. 


Standard  Knot. 
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Large  Knot. 


._^ 


Spike  Knot. 
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Loose  Knot. 


i'nii  is-.Nor. 
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Encased  Knot. 


Rotten  Knot. 
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PITCH. 

15.  Pitch  pockets  are  openings  between  the  grain  of  the  wood  con- 
taining more  or  less  pitch  or  bark,  and  shall  be  classified  as  small,  stand- 
ard and  large  pitch  pockets. 

16.  A  small  pitch  pocket  is  one  not  over  l4  of  an  in.  wide. 

A  standard  pitch  pocket  is  one-not  over  }i  of  an  in.  wide  or  3  in.  in 
length. 

A  large  pitch  pocket  is  one  over  ^  of  an  inch  wide  or  over  3  inches 
in  length. 

17.  A  pitch  pocket  showing  open  on  both  sides  of  the  piece  H  of  an 
in.  or  more  in  width  shall  be  considered  the  same  as  a  knot  hole. 

18.  A  pitch  streak  is  a  well-defined  accumulation  of  pitch  at  one 
point  in  the  piece,  and  when  not  sufficient  to  develop  a  well-defined 
streak,  or  where  fiber  between  grains  is  not  saturated  with  pitch,  it  shall 
not  be  considered  a  defect. 

19.  A  small  pitch  streak  shall  be  equivalent  to  not  over  one-twelfth 
the  width  and  one-sixth  the  length  of  the  piece  it  is  in. 

A  standard  pitch  streak  shall  be  equivalent  to  not  over  one-sixth  the 
width  and  one-third  of  the  length  of  the  piece  it  is  in. 


Pitch  Stre.\k. 

WANE. 

20.     Wane  is  bark,  or  tlie  lack  of  wood,  from  any  cause,  on  the  edge. 


21.  Bright  sap  shall  not  be  considered  a  defect  in  any  of  the  grades 
provided  for  and  described  in  these  rules,  except  where  stipulated. 

SHAKE. 

22.  Shakes   are   splits   or   checks    in    timbers   which    usually   cause    a 
separation  of  the  wood  between  annual  rings. 

Through   Shake :     A   sliake   which   extends   between    two    faces  of   a 
timber. 

Ring  Shake :     An  opening  between  the  annual  rings. 

23.  Sap  stain  shall  not  be  considered  a  defect  in  any  of  tlie  grades 
of  Common  Lumber. 
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MISCELLANEOUS. 

24.  Firm  red  heart  shall  not  be  considered  a  defect  in  any  of  the 
grades  of  Common  Lumber. 

25.  Defects  in  rough  stock  caused  by  improper  manufacture  and  dry- 
ing will  reduce  grade,  unless  they  can  be  removed  in  dressing  such  stock 
to  standard  sizes. 

26.  All  stock  except  Dimension,  shall  be  inspected  on  the  face  side 
to  determine  the  grade.  Stock  surfaced  one  side,  the  dressed  surface 
shall  be  considered  the  face  side.  Stock  rough  or  dressed  two  sides,  or 
common  boards  D.  &  M.  or  shiplapped  and  S.  2  S.,  the  best  face  shall 
be  considered  the  face  side,  but  the  reverse  side  of  all  such  stock  should 
not  be  more  than  one  grade  lower. 

27.  Imperfect  manufacture  in  dressed  stock,  such  as  torn  grain, 
loosened  grain,  slight  skips  in  dressing,  wane,  broken  knots,  mismatched, 
insufficient  tongue  or  groove  Flooring,  Ceiling,  Drop  Siding,  etc.,  shall 
be  considered  defects,  and  will  reduce  grade  according  as  they  are  slight 
or  serious  in  their  effects  on  the  use  of  the  stock. 

28.  Pieces  of  Flooring,  Drop  Siding  or  Partition  with  ^-in.  or 
more  of  tongue;  and  pieces  of  Ceiling  with  Y^-'m.  or  more  of  tongue;  and 
pieces  of  Shiplap  with  A-in.  of  lap  will  be  admitted  in  any  grade. 
Pieces  of  Flooring,  Drop  Siding,  Ceiling  or  Partition,  having  not  less  than 
•^-in.  tongue  will  be  admitted  in  No.  2  Common.  Pieces  of  Shiplap 
having  less  than  i^s-in.  and  not  less  than  ^-in.  lap  shall  be  admitted  in 
No.  2  common. 

29.  In  all  grades  of  D  and  better,  Flooring,  and  No.  i  Common  and 
better.  Ceiling,  Drop  Siding,  etc.,  wane  on  the  reverse  side,  not  exceed- 
ing one-third  the  width  and  one-sixth  the  length  of  any  piece,  provided 
the  wane  does  not  extend  into  the  tongue,  nor  over  one-half  the  thick- 
ness below  the  groove  is  admissible. 

30.  Chipped  grain  consists  in  a  part  of  the  surface  being  chipped  or 
broken  out  in  small  particles  below  the  line  of  the  cut,  and  as  usually 
found  should  not  be  classed  as  torn  grain  and  shall  not  be  considered  a 
defect. 

31.  Torn  grain  consists  in  a  part  of  the  wood  being  torn  out  in 
dressing.  It  occurs  around  knots  and  curly  places,  and  is  of  four  distinct 
characters — slight,  medium,  heavy  and  deep. 

Slight  torn  grain  should  not  exceed  s"?  of  an  inch  in  depth,  medium, 
-h  of  an  in.,  and  heavy  Yz  of  an  in.  Any  torn  grain  heavier  than  Y&  of  an 
in.  shall  be  termed  deep. 

32.  Loosened  grain  consists  in  a  point  of  one  grain  being  torn  loose 
from  the  next  grain.  It  occurs  on  the  heart  side  of  the  piece,  and  is  a 
serious  defect,  especially  in  Flooring. 

33.  The  grade  of  all  regular  stock  shall  be  determined  by  the  num- 
ber, character,  position  and  location  of  the  defects  visible  in  any  piece. 
The  enumerated  defects  herein  described  admissible  in  any  grade  are  in- 
tended to  be  descriptive  of  the  coarsest  pieces  such  grades  may  contain. 
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34.  Lumber  and  timber  sawed  for  specific  purposes  must  be  inspected 
with  a  view  to  its  adaptability  for  the  use  intended.    Material  not  conform- 
ing  to    standard    sizes,    for    Agricultural    Implement    Companies,    Wagon 
Companies,  Car  Manufacturing  Companies,  Railway  Companies,  etc.,  shall  • 
be  governed  by  special  contract  and  inspection. 

35.  The  standard  lengths  are  multiples  of  two  ft.,  ten  to  twenty-four 
ft.,  inclusive,  for  Boards,  Fencing,  Dimension,  Joists  and  Timbers;  mul- 
tiples of  one  foot,  ten  to  twenty  ft.  inclusive,  for  Finishing,  Flooring, 
Ceiling,  Siding,  Partition,  Casing,  Base  Window  and  Door  Jambs— except 
as  hereinafter  specified.  Longer  or  shorter  lengths  than  those  herein  spec- 
ified are  special.  Special  and  fractional  lengths,  when  ordered,  shall  be 
counted  as  the  next  higher  standard  length. 

36.  The  standard  of  widths  for  lumber,  S  i  S  or  S  2  S  or  rough,  ex- 
cluding Dimension,  shall  be  multiples  of  i  in.— 3  in.  and  up  in  width. 

Z7.  On  stock  width  shipments  of  No.  i  Common  and  Better  lumber, 
either  rough  or  dressed  one  or  two  sides,  no  piece  should  be  counted  as 
of  standard  width  that  is  more  than  j4-in.  scant  on  8-in.  and  under  ^-in. 
scant  on  9  and  10  in.,  or  ^-in.  scant  on  11  and  12-in.  or  wider.  Such 
pieces  should  be  measured  as  the  next  lower  standard  of  width  and  not 
reduced  in  grade.  (For  widths  of  No.  2  Boards  and  Fencing  see  pp.  70,  71.) 
(For  Dimension  see  Sees.  84  and  91.) 

38.  Yellow  Pine  shall  be  classified  as  to  grain  as  Edge  Grain  and 
Flat  Grain.  Edge  Grain  has  been  variously  designated  as  rift  sawn,  vertical 
grain,  quarter  sawn,  all  being  commercially  synonymous  terms.  Edge 
grain  stock  is  especially  desirable  for  Flooring  and  admits  no  piece  in 
which  the  angle  of  the  grain  exceeds  45  degrees  from  vertical  at  any 
point,  thus  excluding  all  pieces  that  will  sliver  or  shell  from  wear.  Such 
as  will  not  meet  these  requirements  shall  be  known  as  Flat  Grain. 

39.  All  dressed  stock  shall  be  measured  and  sold  strip  count,  viz.: 
full  size  of  rough  material  necessarily  used  in  its  manufacture. 

All  sizes  I  in.  or  less  in  thickness  shall  be  counted  as  i  in.  thick. 

40.  In  standard  manufacture  of  Factory  Flooring,  Decking  or  thick 
dressed  and  matched  stock,  and  stock  grooved  for  splines,  and  for  thick 
Shiplap,  the  finished  width  shall  be  i/2-in.  less  over  all  than  the  count  or 
measured  width  of  the  rough  material  used  in  manufacture,  and  the 
tongue  and  lap  shall  be  measured  to  determine  the  finished  width,  and  face 
measures  shall  no  longer  be  standard. 

41.  Equivalent  means  equal,  and  in  construing  and  applying  these 
rules,  the  defects  allowed,  whether  specified  or  not,  are  understood  to  be 
equivalent  in  damaging  effect  to  those  mentioned  applying  to  stock  under 
consideration. 

No  arbitrary  rules  for  the  inspection  of  lumber  can  be  maintained  with 
satisfaction.  The  variations  from  any  given  rule  are  numerous  and  sug- 
gested by  practical  common  sense,  so  nothing  more  definite  than  the  gen- 
eral features  of  different  grades  should  be  attempted  by  rules  of  inspec- 
tion. The  following,  therefore,  are  sumbitted  as  the  general  characteris- 
tics of  the  different  grades. 
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Lumber  must  be  accepted  on  grade  in  the  form  in  which  it  was 
shipped.  Any  subsequent  change  in  manuiacture  or  mill  work  will  pro- 
hibit an  inspection  for  the  adjustment  of  claims,  except  with  the  con- 
sent of  all  parties  interested. 

42.  The  foregoing  general  observations  shall  apply  to  and  govern 
the   application   of  the   following   rules : 

BRIDGE  AND  TRESTLE  TIMBERS. 

(See  Am.  Ry.  Eng.  and  M.  of  W.  annual  report,  Vol.  10,  pp.  198,  1910;  for 

Sees.  43-51.) 

(To  be  applied  to  single  sticks  and  not  to  composite  members.) 

43.  General  requirements. — Except  as  noted,  all  timbers  shall  be 
sound,  sawed  to  standard  size,  square  cornered  and  straight ;  shall  be  close 
grained  and  free  from  defects  such  as  injurious  ring  shakes  and  cross 
grain,  unsound  or  loose  knots,  knots  in  groups,  decay  or  other  defects 
that  will  materially  impair  its  strength. 

44.  Standard  size  of  sawed  timber. — Rough  timbers  sawed  to  stand- 
ard size  means  that  they  shall  not  be  over  %-'m.  scant  from  the  actual 
size  specified.  For  instance,  a  12  by  12-in.  timber  shall  measure  not  less 
than  ii^xii^  in. 

45.  Standard  dressing  of  sawed  timbers. — Standard  dressing  means 
that  not  more  than  j^-'m.  shall  be  allowed  for  dressing  each  surface. 
For  instance,  a  12  by  12-inch  timber,  after  being  dressed  on  four  sides, 
shall  measure  not  less  than  ii^xii^  in.  ffl 

Standard  Heart  Grade — Longleaf  Yellow  Pine. 

46.  Stringers. — Shall  show  not  less  than  85  per  cent,  heart  on  the 
girth  anywhere  in  the  length  of  the  piece ;  provided,  however,  that  if  the 
maximum  amount  of  sap  is  shown  on  either  narrow  face  of  the  stringer 
the  average  depth  of  sap  shall  not  exceed  ^  in.  Knots  greater  than 
ij^  in.  in  diameter  will  not  be  permitted  at  any  section  within  4  in.  of 
the  edge  of  the  piece,  but  knots  shall  in  no  case  exceed  4  in.  in  their 
largest  diameter. 

47.  Caps  and  sills. — Shall  show  not  less  than  85  per  cent,  heart  on 
each  of  the  four  sides,  measured  across  the  piece  anywhere  in  the  length 
of  the  piece;  to  be  free  from  knots  over  2]/^  in.  in  diameter. 

48.  Posts. — Shall  show  not  less  than  75  per  cent,  heart  on  each  of  the 
four  sides,  measured  across  the  sides  anywhere  in  the  length  of  the  piece, 
and  to  be  free  from  knots  over  2]/^  in.  in  diameter. 

49.  Longitudinal  struts  and  girts. — One  side  shall  show  all  heart ;  the 
other  side  shall  show  not  less  than  85  per  cent,  heart  measured  across  side 
anywhere  in  the  length  of  the  piece,  and  shall  be  free  from  any  large  knots 
or  other  defects  that  will  materially  injure  its  strength. 

50.  Longitudinal  X  braces,  sash  braces  and  sway  braces. — Shall  show 
four  square  corners  and  not  less  than  80  per  cent,  heart  on  each  of  two 
faces  and  shall  be  free  from  any  large  knots  or  other  defects  that  will  ma- 
terially injure  its  strength. 
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51.  Ties  and  guard  rails. — Shall  show  one  side  all  heart;  the  other 
side  and  two  edges  shall  show  not  less  than  75  per  cent,  heart,  measured 
across  the  face  anywhere  in  the  length  of  the  piece;  shall  be  free  from 
any  large  knots  or  other  defects  that  will  materially  injure  its  strength, 
and  where  surfaced  the  remaining  rough  face  shall  show  all  heart. 

Standard   Long   and    Shortleaf   Yellow    Pine. 

53.  Stringers. — Shall  be  square  cornered,  with  the  exception  of  i  in. 
wane  on  one  corner.  Knots  shall  not  exceed  their  largest  diameter  one- 
fourth  the  width  of  the  face  of  the  stock  in  which  they  occur  and  shall 
in  no  case  exceed  4  in.  Ring  shakes  shall  not  exceed  over  one-eighth  of 
the  length  of  the  piece. 

56.  Caps  and  sills.— Shall  be  square  cornered,  with  the  exception  of 
I  in.  wane  on  one  corner  or  Yi  in.  wane  on  two  corners.  Knots  shall 
not  exceed  in  their  largest  diameter  one-fourth  of  the  width  of  the  face 
of  the  stick  in  which  they  occur  and  in  no  case  shall  exceed  4  in.  Ring 
shakes  shall  not  exceed  over  one-eighth  of  the  length  of  the  piece. 

57.  Posts. — Shall  be  square  cornered,  with  the  exception  of  1  in.  wane 
on  one  corner ;  >^  in.  wane  on  two  corners.  Knots  must  not  exceed  in 
their  largest  diameter  one-fourth  of  the  width  of  the  face  of  the  stick 
in  which  they  occur,  and  shall  in  no  case  exceed  4  in.  Ring  shakes  shall 
not  extend  over  one-eighth  of  the  length  of  the  piece. 

58.  Longitudinal  Struts  and  Girts. — Shall  be  square  edge  and  sound 
and  shall  be  free  from  any  large  knots  or  other  defects  that  will  materially 
injure  its  strength. 

59.  Longitudinal  X  Braces,  Sash  Braces  and  Sway  Braces. — 'Shall 
be  square  cornered  and  sound  and  shall  be  free  from  any  large  knots 
or  other  defects  that  will  materially  injure  its  strength. 

BUILDING  LUMBER. 

DRESSED    YELLOW   PINE  FINISHING. 

64.  Sizes.  Finishing  shall  be  dressed  in  the  following :  i  in.  S.  i  S. 
or  2  S.  to  \l;  iJ4-in.  S.  i  S.  or  2  S.  to  n^ ;  ii/^-in.  S.  i  S.  or  2  S.  to 
iT^;  2-in.  S.  I  S".  or  2  S.  to  i^  in.  1x4— S.  4  S.  shall  be  3>^  in.  wide 
finished;  1x5— S.  4  S.  shall  be  4'/^  in.  wide;  1x6—5^2  in.;  1x7— 6'/2  in.; 
1x8— 7K  in-;  1x9—8^  in.;  ixio — 9^/2  in.;  ixii — 10'^  in.;  1x12— ii'^  in. 
The  foregoing  widths  shall  also  apply  to  stock  thicker  than  i  in. 

65.  Widths.  On  stock  width  shipments  of  all  finishing  Lumber,  either 
rougfli  or  dressed  one 'or  two  sides,  no  piece  should  be  counted  as  stand- 
ard width  that  is  more  than  Yi^-m.  scant  on  8-in.  and  under ;  f^-in.  scant 
on  9  or  lo-in.,  or  ^-in.  scant  on  11  or  12-in.  or  wider.  Such  pieces 
should  be  measured  as  of  the  next  lower  standard  of  width  and  not  reduced 
in  grade. 

66.  Lengths.  Standard  Lengths  arc  10  to  20  ft.  and  in  shipments  of 
mixed  lengths,  5  per  cent,  of  8  or  9  ft.  in  grade  of  C  and  better  shall  be 
admitted. 
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The  above  per  cent,  is  allowed  in  all  shipments  of  mixed  lengths, 
even  though  the  number  of  ft.  of  each  length  in  such  shipment  be  spe- 
cifically   stated. 

Grades  A,  B  and  C. 

67.  A  Finishing.  Inch,  1%,  VA  and  2-in.,  dressed  one  or  two  sides, 
up  to  and  including  8  in.  wide,  must  show  one  face  practically  clear  of 
all  defects,  9  or  10  in.  wide,  in  addition  to  one  split  in  end  not  more 
than  6-in.  long,  will  admit  any  one  of  the  following  defects:  One  small 
pitch  pocket;  one  pin  knot;  pitch  streak  or  sap  stain  not  to  exceed  the 
equivalent  of  6  sq.  in.  One-third  of  any  shipment  of  11  and  12-in., 
in  addition  to  one  split  in  end  should  not  exceed  in  length  the  width  of  the 
piece,  will  admit  any  one  of  the  following  defects  or  its  equivalent :  Three 
pin  knots;  one  standard  knot;  three  small  pitch  pockets;  one  standard 
pitch  pocket;  one  small  pitch  streak;  small  seasoning  checks:  sap  stain 
1Y2  in.  wide  running  across  the  face  of  the  piece. 

Thirteen  in.  and  wider  will  admit  two  of  the  above  defects  or  their 
equivalent.  Pieces  otherwise  admissible,  which  have  loosened  or  torn 
grain  on  the  face  side,  shall  be  put  in  a  lower  grade. 

68.  B  Finishing.  Inch,  iJ4,  i^  and  2-in.,  dressed  one  or  two  sides 
up. to  and  including  10  in.  in  width,  in  addition  to  one  split  in  end  which 
should  not  exceed  in  length  the  width  of  the  piece,  will  admit  any  two 
of  the  following  or  their  equivalent  of  combined  defects:  Slight  torn 
grain ;  three  pin  knots ;  one  standard  knot ;  three  small  pitch  pockets ;  one 
standard  pitch  pocket ;  one  standard  pitch  streak ;  5  per  cent,  of  sap  stain ; 
wane  not  to  exceed  i  in.  in  width,  %  in.  in  depth  and  1-6  the  length  of 
the  piece ;  small  seasoning  checks. 

Eleven  inches  and  wider  will  admit  three  of  the  above  defects  or  their 
equivalent;  but  sap  stain  shall  not  exceed  10  per  cent. 

69.  C  Finishing.  Up  to  and  including  lo-in.  in  width  will  admit 
in  addition  to  one  split  in  end  which  should  not  exceed  in  length  the 
width  of  the  piece,  any  two  of  the  following  or  their  equivalent  of  com- 
bined defects:  25  per  cent,  of  sap  stain;  25  per  cent,  firm  red  heart;  two 
standard  pitch  streaks;  medium  torn  grain  in  three  places  in  one  piece; 
slight  shake;  seasoning  checks  that  do  not  go  through;  two  standard 
pitch  pockets;  six  small  pitch  pockets;  two  standard  knots;  six  pin  knots; 
wane  i  in.  in  width,  ^  in.  in  depth  and  one-third  the  length  of  the  piece. 
Defective  dressing  will  also  be  allowed  that  does  not  prevent  its  use  as 
finish  without  waste;  11  and  12-in.  will  admit  one  additional  defect  or 
its  equivalent.  Pieces  wider  than  12  in.  will  admit  two  additional  defects 
to  those  admitted  in  lo-in.  or  their  equivalent,  except  sap  stain,  which 
shall  not  be  increased. 

Pieces  otherwise  as  good  as  B  will  admit  of  20  pin  worm  holes. 

70.  Special.  In  case  both  sides  are  desired  A,  B  or  C  Grade  or 
free  from  all  defects,  special  contract  must  be  made.  Defective  dressing 
or  slight  skips  in  dressing  on  the  reverse  side  of  Finishing  are  admis- 
sible.    (See  Sections  25,  26  and  29.) 
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71.  Panel  Shop.  Panel  shop  is  lo-in.  and  12-In.  wide,  all  lengths 
from  8  to  20  ft.  or  longer.  Must  be  practically  free  from  pitch  streaks. 
May  contain  any  kind  of  defects  that  can  be  removed  by  cross-cutting 
the  board.  Such  defects  must  be  limited  in  number  and  location  so  that 
cross-cutting  to  remove  them  will  not  use  more  than  one-quarter  of  the 
length  of  the  piece,  and  the  residue  of  the  piece  shall  be  suitable  for 
No.  I  and  No.  2  panel,  and  all  lengths  i8-in.  and  longer,  but  such  residue 
shall  not  be  considered  to  be  of  any  special  stock  length,  but  will  repre- 
sent the  balance  of  the  board  after  the  defects  as  above  named  have  been 
removed. 

FLOORING. 

72.  Sizes.  D  and  better,  1x3,  1x4  and  1x6  in.  shall  be  worked  to 
Mx2^,  3%  and  5^  in.;  i^-in.  Flooring  shall  be  worked  to  i^  in.  thick; 
i^-in.  flooring  to  iH  in.  thick,  the  same  width  and  the  same  matching 
as  i-in.  stock. 

73.  Lengths.  Standard  lengths  are  8  to  20  ft.  in  B  and  Better 
Flooring  with  not  to  exceed  5  per  cent,  of  8  ft.  lengths  in  mixed  length 
shipments  of  this  grade  and  in  addition  5  per  cent,  of  6  or  7  ft.  in  C,  D, 
and  No.  i  Common,  and  5  per  cent,  of  4  or  5  ft.  in  No.  2  Common. 

The  above  per  cent,  is  allowed  in  all  shipments  of  mixed  lengths, 
even  though  the  number  of  feet  of  each  length  in  such  shipments  be 
specifically  stated. 

74.  Grades :  A,  B,  C,  D,  No.  i  Common,  No.  2  Common  and  No.  3 
Sheathing,  Flat  Grain;  and  A,  B,  C,  D  and  No.   i   Common  Edge  Grain. 

75.  Special  Section.  Defects  named  in  Flooring  are  based  upon  a 
piece  manufactured  from  1x4 — 12,  and  pieces  larger  or  smaller  than  this 
will  take  a  greater  or  less  number  of  defects,  proportioned  to  their  size 
on  this  basis.  Except  that  standard  knots  shall  not  exceed  i^-in. 
in  diameter  in  3-in.  flooring. 

76.  A  Flat  Flooring  must  be  practically  free  from  defects  on  the 
face  side  and  well  manufactured. 

77.  B  Flat  Flooring  will  admit  any  two  of  the  following  or  their 
equivalent  of  combined  defects:  15  per  cent.  Sap  stain;  15  per  cent,  firm 
red  heart;  three  pin  knots;  one  standard  knot;  three  small  pitch  pockets; 
one  standard  pitch  pocket;  one  standard  pitch  streak;  slight  torn  grain; 
small    seasoning  checks ;    six   pin   worm   holes. 

78.  C  Flat  Flooring  will  admit  any  two  of  the  following  defects 
or  their  equivalent  of  combined  defects :  25  per  cent,  of  sap  stain ;  25 
per  cent,  firm  red  heart ;  two  standard  pitch  streaks ;  medium  torn  grain, 
or  other  machine  defects  that  lay  without  waste;  slight  shake  that  docs 
not  go  through  or  seasoning  checks  that  do  not  go  through;  two  standard 
pitch  pockets ;  six  small  pitch  pockets ;  two  standard  knots  or  six  pin 
knots;   12  pin  worm  holes. 

79.  Edge  Grain  Flooring  shall  take  the  same  inspection  as  Flat 
Grain,  except  as  to  the  angle  of  the  grain.     (See  Sec.  36.) 

80.  Heart  Face  Edge  Grain  shall  be  free  from  sap  on  face  side. 
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8i.  D  Flat  Flooring  will  admit  the  following  defects  or  their  equiva- 
lent of  combined  defects :  Sound  knots  not  over  one-half  the  cross 
section  of  the  piece  in  the  rough  at  any  one  point  throughout  its  length ; 
three  pith  knots;  pitch;  pitch  pockets;  sap  stain;  firm  red  heart;  season- 
ing checks  that  do  not  go  through ;  shake  that  does  not  go  through ;  a 
limited  number  of  pin  worm  holes  well  scattered;  loosened  or  heavy 
torn  grain,  or  other  machine  defects  that  will  lay  without  waste. 

Pieces  otherwise  as  good  as  B  may  have  one  defect  (like  a  knot 
hole)  that  can  be  cut  out  by  wasting  i^  in.  of  the  length  of  the  piece, 
provided  both  pieces  are  i6  in.  or  over  in  length  after  cutting  out  such 
defects. 

82.  No.  I  Common  Flooring  is  the  combined  grade  of  C  and  D  floor- 
ing and  will  admit  all  pieces  that  will  not  grade  B  and  are  better  than 
No.  2  Common. 

83.  No.  2  Common  Flooring  admits  all  pieces  that  will  not  grade 
as  good  as  D  Flooring,  that  can  be  used  for  cheap  floors  without  a  waste 
of  more  than  one-fourth  the  length  of  any  one  piece.     (See  Sec.  26.) 

84.  No.  3  Sheathing  will  admit  of  all  pieces  that  cannot  be  used  as 
No.  2  Common  Flooring,  but  are  still  available  as  cheap  sheathing  or 
lathing  without  a  waste  of  more  than  one-fourth  the  length  of  any  one 
piece. 

85.  Center  Matched  Flooring  shall  be  required  to  come  up  to  grade 
on  face  side  only,  and  the  defects  admissible  on  the  reverse  side  of 
standard  matched   shall   be   allowed. 

CEILING. 

86.  Sizes.  Ceiling  shall  be  worked  to  the  following:  }i  in.  Ceiling, 
ilk-in. ;  H-in-  Ceiling,  f^-in. ;  5^-in.  Ceiling,  ts-in. ;  ^-in.  Ceiling,  iJ-in. 
Same  width  as  Flooring.  The  bead  on  all  Ceiling  and  partition  shall  be 
depressed  3^  of  an  inch  below  surface  line  of  piece. 

87.  Lengths.  Standard  lengths  are  10  to  20  ft.  5  per  cent,  of  8 
or  9  ft.  is  allowed  in  mixed  length  shipments  of  B  and  better  Ceiling, 
and  in  addition  5  per  cent,  of  6  or  7  ft.  in  No.  i  Common ;  and  5  per  cent, 
of  4  or  s  ft.  in  No.  2  Common. 

The  above  per  cent,  is  allowed  in  all  shipments  of  mixed  lengths, 
even  though  the  number  of  ft.  of  each  length  in  such  shipment  be  spe- 
cifically stated. 

88.  Grades :     A,  B,  No.   i  and  No.  2  Common. 

89.  Special  Section.  Defects  named  in  Ceiling  are  based  upon  a 
piece  manufactured  from  1x4 — 12,  and  pieces  larger  or  smaller  than  this 
will  take  a  greater  or  less  number  of  defects,  proportioned  to  their  size 
on  this  basis. 

90.  A  Ceiling  must  be  practically  free  from  defects  on  the  face  side, 
and  well  manufactured. 

91.  B  Ceiling  will  admit  of  any  two  of  the  following  defects 
or  their  equivalent  of  combine  1  defects :  Slight  torn  grain ;  three  pin 
knots ;    one    standard    knot ;    three    small    pitch    pockets ;    one    standard 
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pitch  pocket;  one  small  pitch  streak;  small  seasoning  checks;  15  per  cent. 
sap  stain;  15  per  cent,  firm  red  heart;  6  pin  worm  holes. 

92.  No.  I  Common  Ceiling  will  admit  the  following  defects  or  their 
equivalent  of  combined  defects :  Sound  knots  not  over  one-half  the  cross- 
section  of  piece  in  the  rough;  sap  stain;  pitch  streaks;  pitch  pockets; 
firm  red  heart;  slight  shake;  heavy  torn  grain;  seasoning  checks;  defects 
in  manufacture  that  will  lay  without  waste;  a  limited  number  of  pin 
worm  holes,  well  scattered. 

Pieces  otherwise  as  good  as  B  may  have  one  defect  (like  a  knot  hole) 
that  can  be  cut  out  by  wasting  1I/2  in.  of  the  length  of  the  piece,  pro- 
vided both  pieces  are  16  in.  or  over  in  length  after  cutting  out  such 
defects. 

93.  No.  2  Common  Ceiling  admits  of  all  pieces  not  as  good  as  No.  i 
Common  that  can  be  used  without  waste  of  more  than  one-fourth  the 
length  of  any  one  piece.     (See  Sec.  26.) 

WAGON    BOTTOMS. 

Sizes. — Unless  otherwise  ordered  (see  Section  32),  shall  be  made  in 
sets  38  and  42-in.  face,  and  from  stock  4  in.  or  over  in  width.  Standard 
thickness  shall  be  if  in. 

Grades :  A  and  B.  58.  Wagon  Bottoms,  unless  otherwise  ordered 
(see  Section  32),  shall  be  graded  the  same  as  A  and  B  Flat  Flooring. 

DROP   SIDING. 

94.  Sizes.  D.  and  M.  shall  be  worked  to  }ix2%  and  s54-i"-  face, 
Sj^-in.  over  all.  Worked  Shiplap,  to  54xS-in.  face,  3^/2  and  5^  over  all. 
Patterns  that  are  not  shown  in  Yellow  Pine  Manufacturers'  Association 
Moulding  Book  of  January,  1908,  edition  are  considered  special. 

95.  Lengths.  Standard  lengths  10  to  20  ft.  Five  per  cent,  of  8  or 
9  ft.  is  allowed  in  mixed  length  shipments  of  B  and  better  Drop  Siding, 
and  in  addition  5  per  cent,  of  6  or  7  ft.  in  No.  i  Common  and  5  per  cent, 
of  4  or  5  ft.  in  No.  2  Common. 

The  above  per  cent,  is  allowed  in  all  shipments  of  mixed  lengths, 
even  though  the  number  of  feet  of  each  length  in  such  shipment  be 
specifically  stated. 

96.  Grades:     A,  B,  No.   i  and  No.  2  Common. 

97.  Special  Section.  Defects  named  in  Drop  Siding  are  based  upon 
a  piece  manufactured  from  1x6 — 12  ft.  and  pieces  larger  or  smaller  than 
this  will  take  a  greater  or  less  number  of  defects,  proportioned  to  their 
•size  on  this  basis. 

98.  For  Grades  of  8-in.  Barn  Siding,  see  Sees.  69  and  71.  For 
size,  see  Sec.  iii. 

99.  A  Drop  Siding  must  be  practically  free  from  defects  on  the 
face  side  and  well  manufactured. 

TOO.  B  Drop  Siding  will  admit  any  two  of  the  following  defects 
or  their  equivalent  of  combined  defects :  Slight  torn  grain ;  three  pin 
knots;  one  standard  knot;  15  per  cent,  sap  stain;  15  per  cent,  firm  red 
heart ;    small   seasoning  checks ;   6   pin    worm   holes ;   or   any    one   of  the 


592  LUMBER  GRADING  RULES. 

above  defects,  combined  with  one  of  the  following:  Three  small  pitch 
pockets  or  one  small  pitch  streak. 

loi.  No.  I  Common  Drop  Siding  will  admit  one  standard  pitch 
streak  or  one  standard  pitch  pocket,  or  their  equivalent;  and,  in  addition, 
sound  knots  not  over  one-half  the  width  of  piece  in  the  rough;  sap  stain; 
firm  red  heart;  slight  shake;  heavy  torn  grain;  defects  in  manufacture 
that  will  lay  without  waste ;  seasoning  checks ;  a  limited  number  of  pin 
worm  holes  well  scattered. 

Pieces  otherwise  as  good  as  B  may  have  one  defect  (like  a  knot 
hole)  that  can  be  cut  out  by  wasting  ij^  in.  of  the  length  of  the  piece, 
provided  both  pieces  are  i6  in.  or  over  in  length  after  cutting  out  such 
defects. 

102.  No.  2  Common  Drop  Siding  admits  of  all  pieces  not  as  good  as 
No.  I  Common  that  can  be  used  without  waste  of  more  than  one- fourth 
the  length  of  any  one  piece. 

BEVEL   SIDING. 

103.  Size.  To  be  made  from  stock  S.  4  S.,  worked  to  ilx35/2  and 
5V2  and  resawed  on  a  bevel. 

104.  Lengths.  Standard  lengths  10  to  20  ft.  Five  per  cent,  of  8  or 
9  ft.  is  allowed  in  mixed  length  shipments  of  B  and  better  Bevel  Siding, 
and  in  addition  5  per  cent,  of  6  or  7  ft.  in  No.  i  Common ;  and  5  per  cent, 
of  4  or  5  ft.  in  No.  2  Common. 

The  above  per  cent,  is  allowed  in  all  shipments  of  mixed  lengths, 
even  though  the  number  of  feet  of  each  length  in  such  shipment  be 
specifically    stated. 

105.  Grades :     A,  B,  No.  i  and  No.  2  Common. 

106.  Bevel  Siding  shall  be  graded  according  to  the  rules  for  Drop 
Siding,  and  will  admit  in  addition  slight  imperfections  on  the  thin  edge, 
which  will  be  covered  by  the  lap  when  laid  25^  and  4^  in.  to  the  weather. 

PARTITION. 

107.  Sizes.     Partition  shall  be  worked  to  54^3^  and  5^  in. 

108.  Lengths.  Same  percentage  of  short  lengths  allowed  as  in 
Ceiling. 

109.  Grades :     A,  B,  No.  i  and  No.  2  Common. 

no.  Partition  shall  be  graded  according  to  Ceiling  rules,  and  must 
meet  the  requirements  of  the  specified  grades  on  the  face  side  only,  but 
the  reverse  side  shall  not  be  more  than  one  grade  lower  and  shall  not 
cause  waste  in  No.  i  Common  and  better. 

MOLDED    CASING    AND   BASE.       WINDOW    AND   DOOR   JAMBS. 

111.  Sizes  of  Molded  Casing  and  Base.  Shall  be  worked  to  54-in-. 
as  per  patterns  shown  in  Yellow  Pine  Manufacturers'  Association  Mold- 
ing Book,  1908  edition.  (See  Section  37.)  For  Widths  of  Plain  Casing, 
see  Finishing,  S.  4  S. 

112.  Window  and  Door  Jambs.  (See  Section  ;i7.)  Dressed,  Rab- 
beted and   Plowed  as  ordered. 

113.  Grades:     A,  B  and  C. 
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114.  A  Molding  Casing  and  Base  must  be  practically  free  from 
defects  on  the  face  side  and  well  manufactured. 

115.  B  Casing  or  Base  shall  admit  the  same  defects  as  are  admis- 
sible in  the  same  widths  of  B  Finishing,  except  wane.     (Sfee  Section  42.) 

116.  C  Casing  or  Base  shall  admit  the  same  defects  as  are  admis- 
sible in  the  same  widths  of  C  Finishing,  except  wane.     (See  Section  43.) 

117.  Window  and  Door  Jambs  shall  be  graded  the  same  as  Molded 
Casing  and  Base. 

See  Section  .^7  for  width. 

118.  B  and  Better  Moldings.  One-third  of  any  item  may  contain 
any  one  of  the  following  defects:  One  pin  knot;  small  pitch  pocket; 
pitch  I  in.  wide  6  in.  long;  slight  sap  stain  covering  6  in.  of  the  length 
of  the  piece ;  three  pin  worm  holes ;  slight  defects  in  dressing.  Standard 
lengths  8  ft.  and  longer,  and  in  shipments  of  mixed  lengths,  5  per  cent, 
of  6  or  7  ft.  shall  be  admitted,  even  though  the  number  of  feet  of  each 
length  in  such  shipment  be  specifically  stated.  Sizes  as  per  Yellow  Pine 
Manufacturers'   Association   Molding  Book,    1908  edition. 

COMMON    BOARDS,     SHIPLAP    AND    BARN     SIDING. 

119.  Sizes  of  Boards,  i-in.  S.  i  S.  or  2  S.  to  ii,  i^-in.  S.  i  S.  or 
2  S.  to  i^,  i^-in.  S.  I  S.  or  2  S.  to  i-^g. 

120.  Widths.  On  stock  width  shipments  of  No.  i  Common,  either 
rough  or  dressed  one  or  two  sides,  no  piece  should  be  counted  as  stand- 
ard width  that  is  more  than  J^^i"-  scant  on  8-in.  and  under;  ^-in.  scant 
on  9  or  lo-in.,  or  5^-in.  scant  on  11  or  12-in.  or  wider.  Pieces  narrower 
than  this  should  be  measured  as  if  of  the  next  lower  standard  in  width 
and  not  reduced  in  grades.  Material  worked  two  faces  to  serve  two 
purposes,  like  grooved  roofing  S.  2  S.,  shiplap  S.  2  S.,  center  matched 
S.  2  S.  or  one  face  worked  to  a  pattern,  like  barn  siding,  shall  be  in- 
spected from  the  best  face,  i^-in.  and  i^-in.  common  shall  take  the 
same  inspection  as  i-in.  boards. 

Boards  S.  4  S.  1x8  S.  4  S.  shall  be  worked  7I/2  in.  wide;  1x9 — 8^2 
in.;  ixio — 9J/2  in.;  ixii — 10J/2  in.;   1x12 — iiJ4  in- 

121.  Sizes  of  No.  I  Common  Shiplap  or  D.  &  M.  and  Barn  Siding. 
8,  10  and  12-in.  shall  be  worked  to  11x7^,  g%,  and  11^  in.  (See  cut, 
page  35,  for  standard  bead  for  barn  siding.) 

(22.     Grades :     No.  i,  No.  2,  No.  3  and  No.  4  Common. 

123.  No.  I  Common  Boards,  dressed  one  or  two  sides,  will  admit  any 
number  of  sound  knots,  and  the  mean  or  average  diameter  of  the  knots  shall 
not  be  more  than  one-fourth  of  the  cross-section  if  located  on  the  edge, 
and  shall  not  be  more  than  one-third  of  the  cross  section  if  located 
away  from  the  edge ;  two  pith  knots ;  one  split  not  to  exceed  in  length 
the  width  of  the  piece;  torn  grain;  pitch;  pitch  pockets;  slight  shake; 
sap  stain ;  seasoning  checks ;  firm  red  heart ;  wane  ^-in.  deep  on  edge, 
not  exceeding  iVS-in.  wide  and  one-third  of  the  length  of  the  piece  or 
its  equivalent,  and  a  limited  number  of  pin  worm  holes  well  scattered, 
or  defects  equivalent  to  the  above. 
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124.  No.  I  Common  Shiplap  or  D.  &  M.  and  Barn  Siding  shall  be 
graded  by  rules  governing  No.  i  Common  Boards,  except  as  to  wane, 
which  shall  not  be  so  deep  as  to  extend  into  the  tongue,  or  one-half 
the  thickness  of  the  top  lip  on  the  groove  in  D.  &  M.,  or  over  one-half 
the  thickness  of  the  lap  in  Shiplap  on  the  face  side.     See  Sec.  26. 

GROOVED   ROOFING. 

125.  Size  of  Grooved  Roofing.  10  and  i2-in.  S.  i  S.  and  2  E.  shall 
be  worked  to  i%xgy2  and  iiJ4- 

126.  Size  of  Groove.  H  in-  wide,  %  in.  deep  and  located  i-ft  in. 
from  outer  edge  of  the  groove  to  edge  of  board. 

127.  Grooved  Roofing  shall  be  graded  by  rules  governing  No.  i 
Common  Boards,  omitting  the  pith  knots,  worm  holes  and  splits. 

NO.  2  COMMON  BOARDS,  SHIPLAP,  GROOVED  ROOFING  AND  BARN    SIDING. 

128.  Size.  i-in.  S.  i  S.  or  2  S.  to  it,  i%-in.  S.  i  S.  or  2  S.  to  ih, 
i^-in.  S.  I  S.  or  2  S.  to  lA. 

129.  Widths.  On  stock  width  shipments  of  No.  2  common,  either 
rough  or  dressed  one  or  two  sides,  no  piece  should  be  counted  as  stand- 
ard width  that  is  more  than  ^-in.  scant  on  8-in.  and  under;  ^  on  9  or 
lo-in.,  and  ^-'m.  on  11  and  12-in.  or  wider.  Pieces  narrower  than  this 
should  be  measured  as  the  next  lower  standard  in  width  and  not  reduced 
in  grades. 

130.  No.  2  Common  Boards,  dressed  one  or  two  sides,  No.  2  Com- 
mon Shiplap,  Grooved  Roofing,  D.  &  M.  and  Barn  Siding,  will  admit  knots, 
not  necessarily  sound,  and  the  mean  or  average  diameter  of  the  knots 
shall  not  be  more  than  one-third  of  the  cross  section  if  located  on  the 
edge,  and  shall  not  be  more  than  one-half  of  the  cross  section  if  located 
away  from  the  edge;  if  sound,  may  extend  one-half  the  cross  section 
if  located  on  the  edge;  worm  holes;  splits  one-fourth  the  length  of  the 
piece;  through  rotten  streaks  one-fourth  the  length  of  the  piece,  or  its 
equivalent  of  unsound  red  heart;  through  heart  shakes,  or  wane  2  in. 
wide,  one-half  the  length  of  the  piece,  or  defects  equivalent  to  the  above. 

A  knot  hole  3  in.  in  diameter  will  be  admitted,  provided  piece  is 
otherwise  as  good  as  No.  i  Common. 

131.  No.  3  Common  Boards,  No.  3  Common  Shiplap  (see  Sec.  26), 
D.  &  M.  and  Barn  Siding  is  defective  lumber,  and  will  admit  of  coarse 
knots,  knot  holes,  very  wormy  pieces,  red  rot  and  otlier  defects  that  will 
not  prevent  its  use  as  a  whole  for  cheap  sheathing,  or  cutting  three- 
fourths  its  length  as  No.  2  Common. 

132.  No.  4  Boards  shall  include  all  pieces  that  fall  below  the  grade 
of  No.  3  Common.  It  is  the  lowest  recognized  grade  and  it  is  ofiFered 
on  its  merits  as  defective  lumber. 

133.  Miscut  i-in.  Common  Boards  which  do  not  fall  below  ^-in. 
in  thickness  shall  be  admitted  in  No.  2  Common,  provided  the  grade  of 
such  thin  stock  is  otherwise  as  good  as  No.  i   Common. 
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FENCING.     3,  4,   5   AND  6   IN.   WIDE. 

134.  Sizes,  i-in.  S.  i  S.  or  2  S.  to  it,  i^-in.  S.  i  S.  or  2  S.  to 
it^,  i^-in.  S.  I  S.  or  2  S.  to  i^. 

135.  Widths.  On  stock  width  shipments  of  3,  4,  5  and  6-in.  No.  i 
Common,  no  piece  should  be  counted  as  standard  width  that  is  more 
than  ^-in.  scant  in  width.  Pieces  narrower  than  this  should  be  measured 
as  of  the  next  lower  standard  in  width  and  not  reduced  in  grades. 

136.  Grades:    No.  i,  No.  2,  No.  3  and  No.  4  Common. 

137.  No.  I  Fencing  will  admit  the  following  defects  or  their  equiva- 
lent: Sound  knots,  the  mean  or  average  diameter  of  which  shall  not 
be  more  than  one-half  the  cross  section  of  the  piece  at  any  point  through- 
out its  length;  three  pith  knots;  wane  one-half  in.  deep  on  edge  not 
exceeding  lYi  in.  wide  and  one-half  of  the  length  of  the  piece;  torn 
grain;  pitch;  pitch  pockets;  sap  stain;  seasoning  checks;  slight  shake; 
firm  red  heart  and  a  limited  number  of  small  worm  holes  well  scattered. 

NO.    2    FENCING. 

138.  Size.    S.  I  S  or  2  S.  to  \%-\n. 

139.  Widths.  In  3,  4,  S  and  6  in.  No.  2  Common  stock,  no  piece 
shall  be  counted  as  standard  width  that  is  more  than  ^-in.  scant  in  width. 
Such  pieces  should  be  measured  as  of  the  next  lower  standard  of  width 
and  not  reduced  in  grade. 

140.  No.  2  Fencing,  in  addition  to  the  defects  allowed  in  No.  i 
Common,  will  admit  the  following  defects  or  their  equivalent:  Knots, 
not  necessarily  sound,  the  mean  or  average  diameter  of  which  shall  not 
be  more  than  one-half  the  cross  section  if  located  on  the  edge,  and  shall 
not  be  more  than  two-thirds  of  the  cross  section  if  located  away  from 
the  edge;  one  split  one-fourth  the  length  of  the  piece;  worm  holes, 
through  rotten  streak  one-fourth  the  length  of  the  piece,  shake  or  wane, 
but  must  not  cut  to  waste. 

A  knot  hole  1V2  in.  in  diameter  or  its  equivalent  in  small  hollow 
knots  will  be  allowed,  provided  the  piece  is  otherwise  as  good  as  No.  i 
Common. 

141.  No.  3  Fencing  is  defective  lumber,  and  will  admit  of  coarse 
knots,  knot  holes,  very  wormy  pieces,  red  rot  and  other  defects  that 
will  not  prevent  its  use  as  a  whole  for  cheap  sheathing,  or  cutting  three- 
fourths   its   length  as   No.   2   Common. 

142.  No.  4  Fencing  shall  include  all  pieces  that  fall  below  the  grade 
of  No.  3  Common.  It  is  the  lowest  recognized  grade,  and  it  is  offered 
on  its  merits  as  defective  lumber. 

143.  Miscut  l-in.  Common  Fencing  which  does  not  fall  below  54->n- 
in  thickness  shall  be  admitted  in  No.  2  Common,  provided  the  grade  of 
such  thin  stock  is  otherwise  as  good  as  No.  i  Common. 

DIMENSION    AND    HEAVY    JOIST. 

144.  Sizes.  Dimension  shall  be  worked  to  the  following:  2x4  S.  i  S. 
and  I  E.  to  iH^M  «n.;  2x6  S.  i  S.  and  1  E.  to  15^x5.)^  in.;  2x8  S.  1  S. 
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and  I  E.  to  iH^7y2  in.;  2x10  S.  i  S.  and  i  E.  to  lY&^gVi  in.;  2x12  S.  i  S. 
and  I  E.  to  i^xiij^  in.  Dimension  S.  4  S.  J/^  in.  less  in  thickness  and 
width  than  S.  i  S.  i  E.  shall  be  standard,  but  no  objection  shall  be  made 
to  stock  finished  to  the  standard  size  for  S.  &  E. 

145.  Heavy  Joists.  Shall  be  worked  to  the  following:  2x14,  2^ 
and  3x10,  12  and  14,  S.  i  S.  and  i  E.,  green,  YA-'m.  off  side  and  ^-in. 
off  edge.  S.  4  S.  J4-i"-  off  each  face  surfaced.  Heavy  Joists,  rough,  green, 
must  not  be  over  %-'vn.  scant  in  width  or  thickness. 

Dry  2x14  shall  be  dressed  to  the  standard  thickness  of  2x12. 

146.  Grades :     No.  i,  No.  2  and  No.  3  Common. 

147.  Inspection  of  Dimension  is  a  question  of  strength  and  uniformity 
of  size,  and  whatever  reduces  its  strength  in  cross  section  must  be  con- 
sidered a  defect  to  that  extent.  In  computing  the  area  of  cross  section 
occupied  by  defects  the  size  of  the  piece  in  the  rough  shall  be  considered. 

148.  No.  I  Common  Dimension  and  Heavy  Joists  will  admit  sound 
knots,  none  of  which  in  2x4s  should  be  larger  than  2  in.  in  diameter  on 
one  or  both  sides  of  the  piece,  and  on  wider  stock  which  do  not  occupy 
more  than  one-third  of  the  cross  section  at  any  point  throughout  its 
length  if  located  at  the  edge  of  the  piece ;  or  more  than  one-half  of  the 
cross  section  if  located  away  from  the  edge ;  pith  knots,  or  smaller  or 
more  defective  knots  which  do  not  weaken  the  piece  more  than  the  knot 
aforesaid,  will  admit  of  seasoning  checks;  firm  red  heart;  heart  shakes 
that  do  not  go  through ;  wane  ^4  of  an  in.  deep  on  edge,  "%  the  width 
and  Yi  the  length  of  the  piece ;  pitch ;  sap  stains ;  pitch  pockets ;  splits  in 
ends  not  exceeding  in  length  the  width  of  the  piece ;  a  limited  number 
of  small  worm  holes  well  scattered,  and  such  other  defects  as  do  not 
prevent  its  use  as  substantial  structural  material. 

149.  No.  2  Common  Dimension  may  have  knots  not  necessarily 
sound,  which  do  not  occupy  more  than  one-half  of  the  cross  section 
at  any  one  point  if  located  at  the  edge  of  the  piece,  nor  more  than  two- 
thirds  of  the  cross  section  if  located  away  from  the  edge ;  smaller,  loose, 
hollow  or  rotten  knots  that  do  not  weaken  the  piece  more  than  the  knots 
aforesaid,  will  admit  rotten  streaks;  shake;  wane;  worm  holes;  split 
not  to  exceed  %  the  length  of  the  piece,  and  other  defects  which  do  not 
prevent   its   use  without   waste. 

150.  No.  3  Dimension  will  include  all  pieces  falling  below  No.  2 
grade  which  are  sound  enough  to  use  for  cheap  building  material,  by 
wasting  25  per  cent,  of  each  piece  of  one-third  of  number  of  pieces  in 
any  item  of  a  shipment,  but  it  must  not  be  more  than  ^-in.  scant  of 
standard  finished  width  or  -l^-in.  scant  in  thickness.     (See  Section  31.) 

151.  Miscut  2-in.  Common  stock  which  does  not  fall  below  lYi  in. 
in  thickness  or  5^-in.  scant  in  width  from  standard  size,  shall  be  admitted 
in  No.  2  Common,  provided  such  pieces  are  in  all  other  respects  as  good 
as  No.  I  Common. 

ROUGH    YELLOW    PINE   FINISHING. 

152.  Widths.  On  stock  width  shipments  of  C  and  better  finish, 
cither  rough  or  dressed  one  or   two  sides,  no  piece   should  be  counted 
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as  standard  width  that  is  more  than  J4-i"'  scant  on  8-in.  and  under; 
^-in.  scant  on  9  and  lo-in.,  or  ^-in.  scant  on  11  and  12-in  or  wider. 
Such  pieces  should  be  measured  as  the  next  lower  standard  of  width, 
and  not  reduced  in  grade. 

153.  Lengths.  Standard  Lengths  are  10  to  20  ft.,  and  in  shipments 
of  mixed  lengths  5  per  cent,  of-8  or  9  ft.  in  grades  of  C  and  better  shall 
be  admitted. 

The  above  per  cent,  is  allowed  in  all  shipments  of  mixed  lengths, 
even  though  the  number  of  feet  of  each  length  in  such  shipment  be  spe- 
cifically stated. 

154.  Finish  must  be  evenly  manufactured,  and  shall  embrace  all  sizes 
from  I  to  2  in.  in  thickness  by  3  in.  and  over  in  width. 

155.  No  inch,  1%  and  ij^  finishing  lumber,  unless  otherwise  ordered, 
shall  measure  when  dry  more  than  I's-in.  scant  in  thickness ;  on  2-in. 
it  may  be  34-in.  scant. 

156.  Wane  and  seasoning  checks  and  other  defects  that  will  dress 
out  in  working  to  standard  thickness  and  widths  are  admissible. 

157.  Subject  to  the  foregoing  provisions,  Rough  Finishing  shall  be 
graded  according  to  the  specifications  applying  to  dressed  finishing  lumber. 

158.  All  finishing  lumber  ordered  rough,  if  thicker  than  the  count 
thickness  for  dry  or  green  stock,  may  be  dressed  to  such  count  thickness 
and  when  so  dressed  shall  be  considered  as  rough. 

When  like  grade  on  both  faces  is  required,  special  contract  must 
be  made. 

COMMON   BOARDS,    FENCING   AND    DIMENSION. 

159.  Rough  Common  Boards  and  Fencing  should  not  be  less  than 
^-in.  thick  when  dry. 

160.  Rough  2-in.  Common  should  not  be  less  than  1%  in.  thick 
when  green,  or  i^  in.  thick  when  dry.  The  several  widths  should  not 
be  less  than  J^-in.  over  the  standard  dressing  width  for  such  stock  when 
dry. 

161.  Rough  Common  Dimension  of  a  greater  thickness  than  2  in. 
and  less  than  4  in.  shall  be  subject  to  special  contract  as  to  thickness 
and  width. 

162.  Rough  Dimension,  if  thicker  than  specified  thickness  for  dry 
or  green  stock,  may  be  dressed  to  such  standard  thickness,  and  when  so 
dressed  shall  be  considered  as  rough  stock. 

163.  The  defects  admissible  in  Rough  Boards,  Fencing  and  Dimen- 
sion shall  be  the  same  as  those  applying  to  dressed  stock  of  like  kind 
and  grade,  and  such  further  defects  as  would  disappear  in  dressing  to 
standard  sizes  of  such  material  shall  be  allowed. 

NO,  I  COMMON  TIMBERS.     (Not  to  include  bridge  and  trestle  timbers.) 

164.  Sizes.  Common  Timber  shall  be  worked  to  the  following: 
4x4,  4x6,  6x6,  ^-in.  off  side  and  edge.  Surfaced  4  sides,  ^4-i"-  off  each 
side,  6x8  and  larger  S.  4  S.,  54-in-  off  tach  side  surfaced. 

165.  Rough  Timbers,  4x4  and  larger,  shall  not  be  more  than  ^^-in. 
scant  at  any  point  when  green,  and  be  well  manufactured,  with  not  less 
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than  three  square  edges,  and  will  admit  sound  knots  that  do  not  occupy 
more  than  one-third  the  cross  section  of  the  piece  or  small  defective 
knots. 

Timbers  loxio  in  size  may  have  a  2-in.  wane  on  one  corner,  measured 
on  faces,  or  its  equivalent  on  two  or  more  corners  one-third  the  length 
of  the  piece.     Larger  sizes  may  have  proportionately  greater  defects. 

Shakes  extending  not  over  one-eighth  of  the  length  of  the  piece  are 
admissible,  and  seasoning  checks  shall  not  be  considered  a  defect. 

i66.  Dressed  Timbers  shall  conform  in  grading  to  the  specifications 
applying  to  rough  timbers  of  same  size. 

167.  Rough  Timbers,  if  thicker  than  specified  thickness  for  dry  or 
green  stock,  may  be  dressed  to  such  standard  thickness,  and  when  so 
dressed  shall  be  considered  as  rough  stock. 

168.  Yellow  Pine  Plastering  Lath.  No.  i  should  measure  2-in.  in 
thickness  to  every  five  lath,  green,  the  minimum  thickness  of  any  one 
lath  shall  not  be  less  than  t^s  of  an  in.,  green,  and  should  not  be  less 
than  iT^  in.  in  width,  green,  length  4  ft.,  i^  in.  thickness  to  every  5  lath, 
dry,  and  should  not  measure  less  than  1/5  in.  in  width,  dry.  Will  admit 
wane  %  of  an  in.  deep,  %  of  an  in.  on  face,  and  6  in.  long,  pin  worm 
holes  and  one  pin  knot.  Must  not  be  more  than  ]/2  of  an  in,  scant  in 
length.     Blue  sap  stain  shall  not  be  considered  a  defect. 

169.  No.  2  shall  consist  of  pieces  that  fall  below  the  grade  of  No.  i 
which  are  not  less  than  ij4  in-  "1  width,  %  of  an  in.  thick,  when  dry,  and 
are  not  more  than  ^  of  an  in.  short  in  length.  Will  admit  wane ;  worm 
holes ;  knots  and  other  defects  that  will  not  prevent  their  use  the  entire 
length  without  waste. 

BYRKIT  LATH. 

170.  Size.     ^X3^  and  5^  in.  wide,  lengths  4  ft.  and  upward. 

171.  Standard  Byrkit  Lath  shall  consist  of  material  that  will  be  held 
firmly  in  place  and  support  plaster  by  ordinary  nailing  by  not  wasting 
more  than  10  per  cent,  of  any  piece,  and  that  will  present  a  full  surface 
with  no  openings  over  5^  in.  in  width  and  3  in.  in  length.  The  ends 
of  pieces  of  Byrkit  Lath  are  not  expected  to  meet  on  studding,  and  only 
such  quantity  shall  be  counted  waste  as  is  necessary  to  remove  a  defect. 

STAND.\RD    SIZES    OF    DRESSED    LUMBER. 

172.  Finishing  shall  be  dressed  to  the  following :  i-in.  S.  i  S.  or  2  S.  to 
il;  ij4-in.  S.  I  S.  or  2  S.  to  1^;  i^-in.  S.  i  S.  or  2  S.  to  i-^ ;  2-in. 
S.  I  S.  or  2  S.  to  iji  in.  1x4  S.  4  S.  shall  be  3V2  in.  wide  finished;  1x5 
S.  4  S.  shall  be  4I/2  in.  wide;  1x6—55^  in.;  1x7—6^  in.;  1x8— 7J^  in.; 
1x9 — 8^  in.;  ixio— 9^^  in.;   ixii— 10^  in.;   1x12 — iij4  in- 

The  foregoing  widths  shall  also  apply  to  stock  thicker  than  i  in. 

173.  Molded  Casing  and  Base.  Shall  be  worked  to  3^-'m.  as  per  pat- 
terns shown  in  Yellow  Pine  Manufacturers'  Association  Molding  Book, 
1908  edition. 

174.  Flooring.  The  standard  of  1x3,  1x4  and  1x6  in.  D  and  better 
shall  be  worked  to  {1x2%,  3%  and  5/4  in-   (see  cut  on  page  26)  ;  i%-in. 


LUMBER  GRADING  RULES.  599 

Flooring  shaU  be   i^    in.  thick;    ij^-in.   Flooring  to   iJi    in.   thick,   the 
same  width  and  matching  as  i-in.  stock. 

175.  Drop  Siding.  D.  and  M.  shall  be  worked  to  54x3/4  and  5% 
in.  face,  4^  and  5J^  over  all.  Worked  Shiplap,  Mx5-in.  face,  SVz  over  all. 
Patterns  that  are  not  shown  in  Yellow  Pine  Manufacturers'  Association 
Molding  Book  of  January,  1908,  edition  are  considered  special. 

176.  Ceiling  shall  be  worked  to  the  following:  5^-in.  Ceiling,  A  in.; 
Yz-'m.  Ceiling,  1^  in.;  H-i"-  Ceiling,  ^5  in.;  ^-in.  Ceiling,  ih  in.  Same 
width  as  Flooring.  The  standard  working  of  Ceiling  shall  be  beaded 
center  and  edge,  with  slight  bevel  on  groove  edge.  (See  cuts  on  pages 
27  and  28.)  The  bead  on  all  Ceiling  and  Partition  shall  be  depressed 
g^  of  an  in.  below  surface  line  of  piece. 

177.  Partition  shall  be  worked  to  the  following:  ^Axz]4-  and  5%  »"• 
Same  standard  for  location  of  and  size  of  bead  as  applies  to  ceiling.  (See 
Section  106  and  cut  on  page  26.) 

178.  Bevel  Siding.  To  be  made  from  stock  S.  4  S.  worked  to 
iix3]!^  and  55^  and  resawed  on  a  bevel. 

179.  Window  and  Door  Jambs.  (See  Section  37.)  Dressed,  Rab- 
beted and  Plowed  as  ordered. 

180.  Boards  and  Fencing.     I -in.  S.  i  S.  or  2  S.  to  il-in. 

181.  Shiplap  and  Barn  Siding  No.  i  Common.  8,  10  and  12-in.  shall 
be  worked  to  ilx7^,  9li   and   iij^   in. 

182.  D.  and  M.  No.  i  Common.  8,  10  and  12-in.  shall  be  worked 
to  the  following:     iixyVs,  gl4,  and  \iy&  in. 

183.  Grooved  Roofing.  10  and  12-in.  S.  i  S.  and  2  E.  shall  be  worked 
to  ilx9'/^  and  ii]/^.  (See  page  15  for  size  and  location  of  Groove,  and 
cut  on  page  36.)     Wagon  Bottoms  left  out. 

184.  Dimension  shall  be  worked  to  the  following:  2x4  S.  i  S.  and 
I  E.  to  i'>^x3^  in.;  2x6  S.  i  S.  and  i  E.  to  i^xs^^^  in.;  2x8  S.  i  S.  and 
I  E.  to  15^x714  in.;  2.X10  S.  i  S.  and  i  E.  to  1^x9'/^  in.;  2x12  S.  i  S. 
and  I  E.  to  i^^xii'/^  in.  Dimension  S.  4  S.  yi-'m.  less  than  standard  size 
S.  I  S.  and  i  E. 

185.  Heavy  Joists  (not  to  include  bridge  and  trestle  timbers)  shall 
be  worked  to  the  following:  2x14,  2^  and  3x10,  12  and  14,  S.  i  S.  and 
I  E.,  green,  ^-in.  off  side  and  Yi-'m.  off  edge.  S.  4  S.  J4-in-  off  each 
face  surfaced.  Heavy  Joists,  rough,  green,  must  not  be  over  ^-in.  scant 
in  width  or  thickness. 

186.  Heavy  Flooring.  For  2  and  2l^-in.  matching  the  thickness 
should  be  H  of  an  in.  less  than  the  rough  material.  The  tongue  should 
be  ^-in.  thick  and  J^-in.  long.  For  3-in.  and  thicker  matching  the 
tongue  should  be  54-in-  thick  and  ^-in.  long,  and  the  thickness  of  the 
stock  should  be  5^-in.  less  than  the  rough  material.  The  groove  in 
heavy  matchings  should  be  i^i-in.  wider  than  the  thickness  of  the  tongue, 
and  t^-in.  deeper  than  the  length  of  the  tongue.  Tongue  and  groove 
shall  be  located  J4  the  thickness  of  the  rough  material  from  the  bottom 
of  the  piece.  In  2  in.  and  thicker  material  plowed  for  splines  the  groove 
should  be  the  same  width  and  depth  as  is  provided  for  in  matching  material 
of  the  same  thickness. 
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Heavy  shiplap  shall  be  worked  to  the  same  thickness  as  heavy  flooring. 
The  lap  shall  be  J^-in.  long,  occuping  one-half  the  finished  thickness  of  the 
piece. 

Timbers  shall  be  worked  to  the  following:  4x4  and  larger,  S.  i  S.  or 
S.  and  E.,  H  in.  off  each  face  surfaced ;  S.  3  S.  or  S.  4  S.,  %  in.  oflF  each 
face  surfaced. 

187.  Yellow  Pine  Plastering  Lath.  No.  i  should  measure  2  in.  in 
thickness  to  every  five  lath,  green,  the  minimum  thickness  of  any  one 
lath  shall  not  be  less  than  ^  of  an  inch  green,  and  should  not  be  less 
than  life  in.  in  width,  green,  length  4  feet;  i5^  in.  thickness  to  every  5 
lath,  dry,  and  should  not  measure  less  than  ifs  in.  in  width,  dry.  Must 
not  be  more  than  ^  in.  scant  in  length  when  dry. 

188.  No.  2  must  not  be  less  than  1%  in.  in  width,  %  in.  thick,  when 
dry,  and  not  more  than  54  i"-  short  in  length. 

189.  Byrkit  Lath.     V^yi^A  and  sYa  i"-  wide  lengths,  4  ft.  and  upward. 

PICKETS. 

igo.  Square  Pickets.  From  ij^-in.  stock  shall  be  worked  to  i^fex 
i^,  3  and  4  ft.  long,  dressed  on  four  sides  and  pointed.  From  i^-in. 
stock  shall  be  worked  to  i^xii^,  3  and  4  ft.  long,  dressed  on  four  sides 
and  pointed. 

191.  Flat  Pickets.  From  1x3  stock  shall  be  worked  to  Mx2j4,  3,  and  4 
ft.  long,  dressed  on  four  sides  and  headed. 


Appendix  D. 

STANDARD     SPECIFICATl'oNS     FOR     CONSTRUCTION     OAK 

TIMBERS. 

GENERAL    INSTRUCTIONS. 

Those    who    are    not    familiar    with    the    anatomy    of    the    oak    tree 
should,  when  reading  over  these   rules,  ^ake  mto  consideration  that  the 
rule   describes   the   poorest   piece   that    goes   mto   the    grade    and   that 
large   per  cent,   is   above  the   grade   described. 

Definition  of  Oak  for  Construction  Purposes. 

The  term  "Construction  Oak"  means  all  such  products  of  oak  in 
which  he  strength  and  durability  of  the  timber  is  the  controlling  ele- 
it  in  its  sefection  and  use.  The  following  is  a  hst  of  products 
which   are   recommended   for   consideration   as   "Construction    Oak 

Firsts  are  to  be  sound  and  free  from  heart,  shakes  and  checks,  but 
may  have  other  defects  as  follows: 

I_ — CONSTRUCTION    OAK. 

(A)  Trestle  and  Bridge  Timbers:  Mud  Sills,  Stringers,  Caps 
Posts     Bracing.    Bridge    Ties,    Struts,    Guard    Rails,    Girts.    Sash    and 

'"'(BT'Socking   and   Platform   Timbers:    Mud    Sills,   Posts    Bracing, 

Caps    Stringers,  Joists,  Dock  and   Platform  or  Flooring  Plank    Wales. 

'  (C)     Platf;rm   or    Flooring    Plank    can  be   either    square    edged    or 

matched. 

(V\     Ties-     Switch    Ties.  _ 

(G)     Framing    for    Building:     Mud    Sills,    Posts,    Girders,    Frammg 

^""'(kr  Bridge  and  Crossing  Plank:    Railroad  Crossing  Plank,  Bridge 

^^°°(H^iT^ Sheet   Piles:     Same  as   Crossing   Plank,   e.xcept  may   contain 
unlimited  amount  of  heart. 

(M-b)     Round  Piling. 

(I)     Cattle  Guards. 

(J)     Track   or   Bumper   Post. 

Items  A,  B,  C,  G  hereafter  designated  as  Structural  Oak. 

II__STANDARD    DEFECTS. 

Definition    "Defect":     Fault,    blemish,    mark    of    imperfection    that 
will  materially  injure  the  strength. 

601 
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Measurements  which  refer  to  the  diameter  of  knots  or  holes  shall 
be  considered  as  referring  to  the  mean  or  average  diameter. 

II. —  (a)     knots. 

(i)  Sound  Knot.  A  Sound  Knot  is  one  which  is  solid  across  its 
face,  and  which  is  as  hard  as  the  wood  surrounding  it;  it  may  be  any 
color  and  contain  checks. 

(2)  Loose  Knot.  A  Loose  Knot  is  one  not  firmly  held  in  place 
by  growth  or  position. 

(3)  Pith  Knot.  A  Pith  Knot  is  a  Sound  Knot  with  a  pith  hole 
not  more  than  %-in.  in  diameter  in  the  center. 

(4)  Rotten  Knot.  A  Rotten  Knot  is  one  that  is  not  sound  and 
not  as  hard  as  the  wood  surrounding  it. 

(5)  Pin  Knot.  A  Pin  Knot  is  a  Sound  Knot  not  over  ^-in.  in 
diameter. 

(6)  Standard  Knot.  A  Standard  Knot  is  a  knot  not  over  2-in.  in 
diameter. 

(7)  Large  Knot.  A  Large  Knot  is  a  Sound  Knot  more  than  2-in. 
in  diameter. 

(8)  Round  Knot.  A  Round  Knot  is  one  which  is  oval  or  circu- 
lar in  form. 

(9)  Spike  Knot.  A  Spike  Knot  is  one  sawn  in  lengthwise  direc- 
tion. The  mean  or  the  average  width  shall  be  considered  in  measuring 
this  knot. 

(10)  Bird  Peck.  Bruises  apparently  caused  by  bird  pecks  during 
the  growth  process   of  the  timber.     Considered  no   defect. 

II. —  (b)     worm  defects. 

(i)  Pinworm  Holes.  Pinworm  Holes  are  very  small  holes  caused 
by  minute  insects  or  worms.  These  holes  usually  are  not  over  -^-in, 
in  diameter,  or  smaller,  and  the  wood  surrounding  them  is  sound  and 
does  not  show  any  evidence  of  the  wormhole  having  any  effect  on  the 
wood   other  than  the   opening. 

(2)  Spotworm  Defects  (also  known  as  Flagworm  Defects).  Spot- 
worm  defects  are  caused  like  Pinworm  Holes,  by  minute  insects  or 
worms  working  on  the  timber  during  its  growth.  The  size  of  the  hole 
is  about  the  same  as  Pinworm  Holes,  but  the  surrounding  wood  shows 
a  colored  spot  as  evidence  of  the  defect.  This  spot  is  usually,  sound 
and  does  not  affect  the  strength  of  the  piece. 

(3)  Grubworm  Holes.  Grubworm  Holes  are  usually  from  about 
J4-in-  to  ^-in.  in  width,  and  vary  in  length  from  about  -ft-in.  to  l-in. 
long,  and  are  caused  by  worms  working  in  the  wood. 

(4)  Wooden  Rafting  Pinholes.  This  defect  sometimes  appears 
on  river  timber  which  has  been  rafted  and  holes  bored  in  the  solid 
wood  for  tying  the  timber,  and  a  solid  plug  or  pin  driven  in  the  hole, 
filling  it  completely.    These  defects  must  be  treated  and  considered  the 
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same  as  Knot  Defects.     Ordinary  Metal,  Rafting  Pin  or  Chain  Doghole 
is  considered  no  defect. 

II. —  (C)      SAP. 

Definition  of  "Sap" :  The  Alburnum  of  a  tree — the  exterior  part  of 
the  wood  next  to  the  bark — Sapwood,  not  considered  a  defect. 

Sound  Heart:  The  term  Sound  Heart  is  used  in  these  rules  when- 
ever heart  of  piece  is  split  or  opened  and  shows  on  outside  of  piece 
and  its  condition  is  sound  and  solid,  not  decayed.  Openings  between 
annual   rings  or  checks  not  considered  a  defect. 

II. — i(d)     wane. 
Wane  is  bark  or  lack  of  wood  from  any  cause  on  edges  of  timber. 

II. —  (e)     shakes. 

Definition  of  "Shakes":  Shakes  are  splits  or  checks  in  the  timber 
which  usually  cause  a  separation  of  the  wood  between  the  annual  rings. 

(i)  Ring  Shakes.  Ring  Shakes  are  openings  between  the  annual 
rings,   usually   showing  only   on   the   end   of  timber. 

(2)  Through  Shakes.  Through  Shakes  are  shakes  which  extend 
between  two  faces  of  the  timber. 

(3)  Checks.  A  small  crack  in  the  wood  due  to  seasoning,  not  con- 
sidered a  defect. 

II. —  (f)     grain. 

Crooked  or  Crossgrain.  Crooked  or  Crossgrain  crosses  the  piece 
within  a  section  24-in.  in  running  length  of  the  piece.  This  is  only 
considered  a  defect  in  certain  smaller  sizes  of  dimension  for  specific 
purposes. 

II. —  (g)     rot. 

Any  form  of  decay  which  may  be  detected  as  giving  the  timber 
a  doty  or  rotten  texture  is  a  rotten  defect,  including  what  is  com- 
monly known  as  dryrot.  Water  Stain,  or  what  are  sometimes  called 
scalded  or  burnt  spots,  usually  caused  by  timber  lying  in  the  water 
under  certain  conditions  before  it  is  sawed,  and  burnt  spots  where  the 
timber  is  improperly  piled  green,  not  considered  defects,  as  they  do 
not  affect  the  strength  of  the  piece. 

III. — STANDARD    names    FOR    CONSTRUCTION    OAK. 

Standard    Names    for    Construction    Oak    Timber:     White    Oak    and 
Red  Oak.     Unless  specially  mentioned  these  terms  include  the  following: 
White   Oak: 
White   Oak. 

Chestnut  or  Tanbark  Oak. 
Burr  or  Mossy  Cup  Oak. 
Rock. 
Post  or  Iron  Oak. 
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Overcup. 
Live  Oak. 
Cow  Oak. 

Swamp  Post  Oak. 
Yellow   or   Chinquapin   Oak. 
Red  Oak: 
Red  Oak. 
Pin  Oak. 
Black  Oak. 
Water  Oak. 
Willow  Oak. 
Spanish    Oak. 
Turkey   Oak. 
Black  Jack  Oak. 
Shingle  or  Laurel  Oak. 
Scarlet  Oak. 
Term. — Mixed   Oak  means   any  kind   of   Oak. 

IV. — STANDARD    SPECIFICATIONS    FOR    STRUCTURAL    OAK    TIMBERS. 

(i)  General  Requirements.  Except  as  noted,  all  Structural  Tim- 
bers shall  be  White  Oak,  to  be  sound  timber  and  sawed  specified  sizes ; 
free  from  ring  shakes,  crooked  grain,  rotten  knots,  large  knots  in  groups, 
rot,  dote  and  wane  in  amounts  greater  than  allowed  in  these  specifications. 

(2)  Boxed  Hearts.  Boxed  Hearts  are  permitted  in  pieces  of  5x5 
square  and  larger.  The  center  of  the  heart  should  be  boxed  as  near 
the  center  of  the  piece  as  practical,  and  not  to  exceed  30  per  cent,  of 
the  pieces  can  have  the  center  of  the  heart  nearer  than  ij^-in.  from 
any  face ;  20  per  cent,  may  show  one  heart  face,  corner  or  edge,  not 
to  exceed  75  per  cent,  of  the  length  of  the  piece. 

IV. —  (3)      WANE. 

(a)  Pieces  5x5  to  8x8  square  may  show  i-in.  wane,  side  measure- 
ment, on  any  two  corners  or  edges,  and  this  wane  not  to  exceed  more 
than  25  per  cent,  of  the  length  of  the  piece  singly,  or  50  per  cent,  in 
aggregate.  In  the  absence  of  wane  on  all  corners  excepting  one,  the 
one  corner  may  contain  wane  50  per  cent,  of  the  length  of  the  piece 
as  above  described;  not  to  exceed  20  per  cent,  of  number  of  pieces 
may  have  this  defect. 

(b)  Pieces  over  8x8,  including  12x12  square,  may  show  ij^-in. 
wane,  side  measurement,  edge  of  any  two  corners  or  edges,  and  this 
wane  not  to  exceed  more  than  ^sVs  per  cent,  of  the  length  of  the  piece 
singly,  or  667^  per  cent,  in  aggregate.  In  the  absence  of  wane  on  all 
corners  excepting  one,  the  one  corner  may  contain  wane  66-/3  per  cent, 
of  the  length  of  the  piece  as  above  described ;  not  to  exceed  20  per 
cent,  of  number  of  pieces  may  have  this  defect. 

(c)  Pieces  over  12x12  square  may  show  i-)4-in.  side  measure- 
ment, any  two  corners  of  edges,  and  this  wane  not  to  extend  more  than 
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40  per  cent,  of  the  length  of  the  piece  singly,  or  80  per  cent,  in  aggre- 
gate. In  the  absence  of  wane  on  all  corners,  excepting  one,  the  one 
corner  may  contain  wane  80  per  cent,  of  the  length  of  the  piece  as 
above  described ;  not  to  exceed  20  per  cent,  of  number  of  pieces  may 
have  this    defect. 

(d)  In  event  that  pieces  have  two  faces  as  wide  as  above  described 
and  two  faces  narrower,  the  proportion  -of  the  amount  of  wane  is 
admissible. 

(e)  Pieces  i-in.  to  5-in.  thick,  not  exceeding  8-in.  wide,  are  gov- 
erned by  defect  specifications  above  mentioned,  with  the  exception  that 
they  shall  not  contain  wane,  and  not  to  exceed  20  per  cent,  of  pieces 
2-in.  and  thicker  may  show  sound  heart  on  one  face ;  pieces  under  2-in. 
thick  must  be  free  of  heart.  Pieces  8-in.  and  wider  may  contain  wane 
as  per  paragraphs  b  and  d. 

(f)  Rough  sizes  of  Structural  Timber  shall  not  vary  more  than 
J4-in.  scant  of  specified  size.  Dressed  sizes  may  be  5/2-in.  scant  after 
dressing. 

Explanatory. 
The    term    20   per    cent,    of    number    of    pieces    or    amount    shipped 
refers  to  each  item  and  size  of  each  car  shipped. 

V. —  (d)     ties. 

(i)  Switch  Ties  Sawed.  Thickness  cut  to  order;  widths  cut  to 
order ;  lengths  cut  to  order ;  unless  noted  to  be  White  Oak.  Must 
contain  three  sound  solid  sides.  One  face  or  one  corner  (not  both) 
may  show  sound  heart.  Large  sound  knots,  pin,  spot,  or  an  occasional 
grubworm  hole  not  considered  a  defect.  Sizes  may  vary  5^-in.  from 
specified   sizes. 

V. —  (e)     bridge,  dock,  crossing   plank. 

Lengths,  cut  to  order. 

Widths,   cut   to   order. 

Thickness,   cut   to   order. 

Sizes  cut  to  order,  probably  2-in.,  3-in.  and  4-in.  thick,  6-in.,  8-in.. 
lO-in.  and  12-in.  wide,  12  ft,  14  ft.  and  16  ft.  long. 

This,  product  is  intended  to  work  full  one  good  sound  face,  and 
this  face  side  must  be  square  edge.  Sound  knots,  small  pin  and  spot- 
worm  holes   no  defect   on   face   side. 

Must  be  free  from  rot  and  shake;  practically  square  edges,  admit- 
ting i-in.  of  wane  on  each  edge  of  reverse  face,  running  two-thirds 
the  length.  Sound  hearts  on  one  side,  rafting  pinholes,  knotholes  or 
grubholcs   not   exceeding   2-in.   in   diameter   admitted. 

V. — (f)     sheet  piles 

Same  as  v. —  (e),  except  that  it  may  contain  sound  heart  or  heart 
check. 
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V. —  (g)     cattle-guards. 

To    be    governed    by    specifications     for    Construction    Oak,     refer- 
ence IV. 

V. —  (h)     track  end  or  bumping  posts. 

To    be    governed    by    specifications    for    Structural    Timbers,    refer-  . 
ence  iv. 


DISCUSSION. 

(The  report  of  the  Special  Committee  on  Rules  for  Grading  and  In- 
spection of  Maintenance  of  Way  Lumber  was  presented  by  Mr.  W.  H. 
Sellew,  Principal  Assistant  Engineer,  Michigan  Central  Railroad,  Chair- 
man.) 

Mr.  W.  H.  Sellew : — The  Committee  wants  to  call  attention  to  the  fact 
that  the  information  given  is  presented  only  as  a  matter  of  information.  The 
names  of  timber  and  definitions  of  defects  are  practically  those  adopted 
last  year  by  the  Master  Car  Builders',  Master  Mechanics',  and  Railway 
Storekeepers'  Associations,  in  conference  with  the  Manufacturers  of  Lum- 
ber, and  are  substantially  the  same  as  all  the  present  standard  definitions 
of  this  Association.  All  reference  to  car  and  locomotive  material  is 
omitted,  and  specifications  for  maintenance  of  way  lumber,  as  formulated 
by  the  Manufacturers'  Associations,  are  submitted.  Owing  to  the  fact 
that  considerable  attention  has  been  given  by  other  committees  of  the 
Association  to  this  subject,  it  was  felt  desirable  to  proceed  with  a  good 
deal  of  caution.  For  this  reason,  no  revision  of  the  specifications  sub- 
mitted to  the  Committee  by  the  lumber  manufacturers  was  attempted. 
With  the  exception  of  the  specification  for  Douglas  fir  structural  timber, 
page  32,  we  are  undoubtedly  buying  considerable  material  under  these 
rules,  and  it  will  be  necessary  to  study  them  carefully  before  recommenda- 
tions can  be  made  for  grading  rules  that  may  be  adopted  as  the  joint 
standard  of  this  Association  and  the  various  manufacturing  associations 
throughout  the  country. 

The  President:— The  report  of  this  Committee  in  is  the  nature  of  in- 
formation. They  submit  no  conclusions  or  recommendations,  and  the  re- 
port is  now  before  you  for  discussion,  or  such  action  as  you  may  wish  to  take. 
The  Committee  has  done  valuable  work.  The  Maintenance  of  Equipment 
Department  of  railroads  has  established  a  set  of  grading  rules,  and  it  has 
been  considered  very  important  that  the  Maintenance  of  Way  Department 
do  likewise.  That  was  the  purpose  of  the  formation  of  this  Special  Com- 
mittee, and  in  the  very  short  time  in  which  they  have  been  formed,  they 
have  done  a  most  creditable  work,  as  their  report  indicates. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  :— Does  the  Committee 
expect  to  get  their  methods  adopted  by  tliose  who  furnish  lumber?  Will 
this  be  agreed  to? 

Dr.  Hermann  Von  Schrcnk  (Consulting  Timber  Engineer)  :— The  idea 
of  the  Committee  was  to  request  the  various  Manufacturers'  Associations 
to  present  concrete  rules  for  the  various  classes  of  railroad  material  under 
which  they  would  be  able  to  furnish  railway  lumber.  The  chief  criticism 
which  the  Committee  has  found  hitherto  was  tliat  tiio  lumber  manufac- 
turers generally  criticized  the  railway  specifications,  saying  that  they  were 
numerous  and  various ;  that  what  they  would  like  to  sec  was  a  standard 
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specification  for  each  class  of  lumber  adopted  by  the  railway  organiza- 
tions. The  Committee  therefore  requested  that  the  manufacturers'  asso- 
ciations submit  such  specifications  as  they  believed  should  be  standard. 
These  specifications  have  been  printed  preliminary  to  their  general  adop- 
tion, and  the  lumber  manufacturers'  associations  have  on  their  part  agreed 
that  unless  they  are  very  materially  changed,  they  would  issue  them  as 
standard  specifications  on  their  part. 

Mr.  Churchill : — I  move  that  this  report  be  received  in  the  manner 
suggested  by  the  Committee  as  information. 

The  President : — Before  the  motion  is  put,  we  have  with  us  Mr.  J.  H. 
Waterman,  the  President  of  the  Railway  Storekeepers'  Association,  who 
will  address  us  on  this  important  subject.     (Applause.) 

Mr.  J.  H.  Waterman : — 'We  appreciate  very  much  your  kindness  in  al- 
lowing us  to  present  to  you  for  your  consideration  a  question  which  we 
believe  is  vital  to  your  Association  and  to  the  railroads  which  you  repre- 
sent, namely.  Uniform  Grading  and  Inspection  of  Lumber. 

The  credentials  which  we  bring  are  from  the  Railway  Storekeepers' 
Association.  At  their  sixth  annual  convention,  1909,  there  were  several 
papers  presented  on  the  Uniform  Grading  and  Inspection  of  Lumber. 
After  this  question  had  been  discussed  thoroughly  by  the  organization  re- 
ferred to,  the  following  resolution  was  passed : 

"Resolved,  That  a  Committee  of  five  be  appointed  by  the  President  to 
confer  with  the  Master  Car  Builders'  and  Master  Mechanics'  Associations, 
and  request  the  adoption  by  them  of  the  commercial  grading  rules  as  the 
standard  of  lumber  specifications  by  the  railroads." 

The  members  of  the  Committee  were :  Mr.  McCarthy,  of  the  Rock 
Island,  Chairman ;  Mr.  Rice,  of  the  Santa  Fe ;  Mr.  Mulroy,  of  the  St.  L.  & 
S.  F. ;  Mr.  Jones,  of  the  New  York  Central ;  Mr.  Waterman,  of  the  C. 
B.  &Q. 

This  Committee  in  1909  went  to  Atlantic  City  and  attended  the  Mas- 
ter Car  Builders'  and  Master  Mechanics'  conventions,  presented  the  reso- 
lution, and  succeeded  in  having  a  committee  appointed  from  each  Asso- 
ciation to  act  jointly  with  the  committee  from  the  Railway  Storekeepers' 
Association  to  draft  standard  specifications  to  cover  all  classes  of  lumber 
used  in  cars  and  locomotives. 

The  committee  met  several  times  and  was  assisted  very  materially 
by  the  manufacturers'  associations — North,  South,  East  and  West.  The 
facts  are  the  manufacturers  were  very  glad  to  co-operate  with  the  joint 
committee  referred  to  above  and  to  change  any  of  the  established  rules 
which  they  had  to  conform  with  the  rules  which  the  committee  felt  were 
best. 

This  enabled  the  committee  to  make  a  complete  report  to  the  con- 
vention of  the  Master  Car  Builders'  and  Master  Mechanics'  Associations 
which  met  at  Atlantic  City  in  1910  and  present  standard  specifications 
for  all  classes  of  lumber  used  in  cars  and  locomotives.  This  report  was 
adopted  unanimously  by  both  the  Master  Mechanics'  Association  and  the 
Master  Car  Builders'  Association. 
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In  August,  1910,  we  learned  that  the  American  Railway  Engineering 
and  Maintenance  of  Way  Association  had  appointed  a  Committee  on  Rules 
for  the  Grading  and  Inspection  of  Maintenance  of  Way  Lumber. 

We  immediately  wrote  your  President,  Mr.  Fritch,  on  August  23, 
and  offered  your  Committee,  tlirough  him,  any  information  which  we  had 
gathered  in  connection  with  our  work  in  preparing  the  standard  specifica- 
tions which  were  adopted  by  the  Master  Mechanics'  and  Master  Car 
Builders'  Associations. 

On  August  30  your  President  acknowledged  receipt  of  the  letter  and 
advised : 

"I  wish  to  thank  you  for  your  letter  and  will  instruct  our  Committee 
to  avail  themselves  of  your  kind  offer." 

We  have  had  the  pleasure  of  meeting  with  your  Committee  during 
the  past  year  and  have  given  them  what  assistance  we  had  at  hand. 

The  question  arises :  Why  should  we  have  standard  specifications  for 
lumber  ? 

First,  in  order  that  you  may  appreciate  some  of  the  difficulties  w'Wch 
the  Purchasing  Departments  and  the  Store  Departments  are  up  against 
in  furnishing  material  for  maintenance  of  way,  you  are  aware  that  every 
road  or  nearly  every  road  in  the  country  have  their  own  specifications, 
and  no  two  specifications  are  alike. 

This  necessitates  the  lumbermen  from  whom  the  lumber  is  purchased 
treating  every  order  they  get  as  a  special  order.  The  reason  it  is  termed 
a  ".special  order"  is  because  it  is  not  standard  in  a  commercial  sense,  or 
to  put  it  another  way,  it  differs  from  the  recognized  commercial  practice 
as  exemplified  in  the  standard  grading  rules  adopted  by  the  associations  of 
lumber  manufacturers. 

One  road  will  insist  on  having  all  their  flooring  center-matched.  The 
standard  practice  is  to  match  it  a  little  off  the  center.  This  for  buildings 
and  for  other  purposes  to  get  the  most  wear  out  of  the  material  which  is 
ordinarily  used  for  flooring. 

One  of  our  large  Western  lines  which  runs  through  a  territory  which 
supplied  them  with  oak  for  years  had  the  lumber  inspected  at  the  mill 
without  specification.  Some  one  decided  it  would  be  better  to  have  a 
specification  for  oak.  They  drafted  a  specification  for  oak,  describing 
the  quality  they  were  then  receiving,  and  sent  the  same  inspectors  to 
the  mills,  with  the  result  that  the  price  was  immediately  advanced  from 
three  to  five  dollars  per  thousand  and  some  of  the  mills  did  not  care  to 
cut  the  order  at  all. 

This  mtiy  seem  ridiculous ;  however,  it  is  true,  as  every  man  knows 
who  has  the  purchasing  or  receiving  and  inspecting  of  lumber. 

This  also  shows  you  the  trouble  which  is  always  experienced  with 
railroads  who  undertake  to  accept  lumber  other  than  grades  of  the  Lum- 
bermen's Association.  Tiic  reasons  are  as  stated  above ;  they  are  termed 
"specials." 

To  illustrate,  a  man  who  is  building  a  home  can  go  into  tiie  market 
and  get  what  is  termed   stock  size  of  moulding,  we  will  say,  for  picture 
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moulding;  however,  he  wants  a  little  different  moulding  than  what  is 
termed  a  standard.  The  price  is  immediately  doubled  and  tripled.  Why? 
Because  it  is  a  "special."    All  special  orders  result  in  higher  prices. 

Let  the  government  build  a  building  and  the  architect  make  special 
specifications  for  the  lumber  which  is  to  be  used  in  the  building.  Im- 
mediately the  price  is  advanced  from  five  to  ten  dollars  per  thousand, 
according  to  the  specifications  and  grades  used.  I  have  this  from  a  lum- 
berman who  is  my  personal  friend,  who  often  figures  bills  for  the  Gov- 
ernment. 

Second,  aside  from  that — and  we  think  this  is  a  good  reason  why  we 
should  have  uniform  inspection  and  grading  of  lumber — it  often  happens 
that  lumber  shipped  by  the  same  manufacturer  to  two  or  more  points  on 
the  same  railroad  will  get  satisfactory  inspection  from  one  point  and  a 
very  unsatisfactory  inspection  from  the  other  points.  Why?  Because  the 
men  receiving  the  lumber  construe  the  specifications  differently. 

You  say,  "Would  not  the  same  thing  be  true  if  the  railroads  in  order- 
ing material  adopted  standard  specifications  as  promulgated  by  the  Lum- 
bermen's Association?"  It  would  not,  for  this  reason:  if  the  lumbermen 
were  dissatisfied  with  the  inspection  which  they  received,  they  could  im- 
mediately appeal  to  the  Lumbermen's  Association  from  the  district  from 
which  the  material  was  shipped  and  have  a  licensed  inspector  or  what 
they  term  an  official  inspection  made  of  the  car,  and  if  the  inspector  re- 
jected the  car,  they  would  have  to  stand  it;  if  he  accepted  the  car,  the 
company  would  have  to  receive  it. 

In  other  words,  when  the  railroad  companies  of  this  country  adopt 
specifications  of  their  own  there  is  no  way  by  which  a  lumberman  who 
accepts  and  furnishes  the  lumber  can  get  an  official  inspection  because  the 
railroad  immediately  says,  "We  interpret  our  specifications  'so  and  so,'  " 
and  they  are  the  highest  authority. 

This  results  in  another  difficulty  in  purchasing  lumber.  If  a  lumber- 
man is  selling  a  bill  of  lumber  and  he  knows  he  cannot  obtain  an  official 
inspection,  any  number  of  them  refuse  the  order  and  this  brings  the  num- 
ber who  bid  on  the  bill  down  to  a  very  few,  and  you  have  less  competi- 
tion, and  for  that  very  reason  you  pay  a  higher  price  for  the  goods  you 
receive. 

Each  and  every  one  of  you  appreciate  what  is  termed  to-day  '"blue- 
prints," and  you  in  your  line  of  work  are  compared  with  some  other  men 
in  the  same  line  by  the  management  of  your  roads.  If  one  railroad  pur- 
chases lumber  on  the  specifications  which  the  Lumbermen's  Association 
draft  and  your  Purchasing  Agent  purchases  the  lumber  on  the  specifica- 
tion of  your  road,  the  former  has  the  advantage,  and  then  you  are  asked 
why  you  cannot  build  depots,  buildings  and  bridges  as  cheap  as  your 
neighbors. 

Third,  gentlemen,  there  is  one  point  I  want  to  make  very  clear  to 
you  and  that  is  this :  You  are  the  users  of  the  lumber,  you  have  a  perfect 
right  to  elect  the  class  and  kind  of  lumber  you  shall  use  for  a  special 
purpose,  and  we,  representatives  of  the  Purchasing  and  Store  Departments 
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of  the  railroads,  do  not  want  to  be  construed,  or  misconstrued,  as  at- 
tempting to  dictate  to  you  gentlemen  what  class  of  lumber  you  should  use 
for  a  given  purpose. 

We  appreciate,  and  no  doubt  you  do,  that  the  railroads  of  this  country 
use  40  to  50  per  cent,  of  all  the  lumber  that  is  manufactured,  and  we  ap- 
preciate that  the  men  at  the  head  of  the  Engineering  Departments  of  the 
various  railroads  should  say  what  kind  of  lumber  should  be  used  for  a 
special  purpose. 

However,  if  you  will  take  the  rules  and  specifications  which  have 
been  adopted  by  the  various  lumber  manufacturing  associations  of  the 
United  States,  North,  South,  East  and  West,  see  the  Appendix  to  your 
Committee's  report  "A,"  "B,"  "C"  and  "D,"  depending  entirely  on  the 
territory  from  which  you  draw  your  supply ;  we  believe  that  you  can  select 
from  their  rules  and  specifications  material  which  will  in  every  way  satisfy 
your  wants,  and  can  select  material  which  can  be  bought  more  easily  and 
at  very  much  less  money,  and  that  is  what  we  are  all  striving  for,  not  to 
get  the  cheapest  for  the  company  which  we  represent,  because  it  is  the 
cheapest,  but  to  get  the  best  we  can  get  for  the  least  money. 

That  is  why  we  come  before  you  asking  you  to  take  some  action  en- 
dorsing, if  you  can,  what  your  Committee  has  done  and  continuing  the; 
same  with  authority.  We  will  co-operate  with  them,  if  you  think  that 
best.    However,  we  leave  that  for  you  to  elect. 

We  hope  that  in  the  very  near  future  there  may  be  a  standard  speci- 
fication adopted  which  will  be  uniform,  and  let  me  emphasize  here,  and 
I  want  to  make  it  clear  that  as  we  run  we  may  read,  that  we  do  not  ex- 
pect any  rules  or  specifications  that  will  say  a  certain  kind  of  lumber  or 
grade  of  lumber  must  be  used  by  all  roads  for  the  same  purpose.  In 
other  words,  we  do  not  want  to  be  understood  that  we  are  advancing 
a  proposition  that  all  roads  should  use  the  same  class  of  lumber  in  the 
same  place.     This  would  be  suicide,  but  what  we  want  is  this : 

We  would  like  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association  in  their  own  way  to  say  that  as  the  various  lumber- 
men's manufacturing  associations  of  the  United  States  have  adopted 
rules  and  specifications  for  the  grading  of  all  classes  of  lumber  which  we 
use,  the  railroads  will  accept  these  grading  rules  as  their  standard  for  the 
inspection  of  all  lumber  which  they  buy,  and  designate  the  lowest  grade 
inspected  under  the  commercial  grading  rules,  which  will  be  acceptable  to 
the  railroads  of  this  country  for  each  particular  purpose. 

To  illustrate,  see  Appendix  "A ;"  you  can  order  select  stringers  or 
standard  stringers;  select  caps  and  sills  or  standard  caps  and  sills;  select 
posts  or  standard  posts.  See  Appendix  "B,"  you  have  three  grades  of 
siding  to  select  from,  "A,"  "B"  and  "C."  You  have  four  grades  of  floor- 
ing, "A,"  "B,"  "C"  and  "D."  In  ordering  any  of  the  material  referred  to 
above,  the  use  of  the  same  would  have  two  or  more  grades  from  which 
to  select,  each  one  electing  what  grade  would  be  most  suitable  for  his 
road  or  the  purpose  for  wliich  he  intends  using  the  same. 

Favorable  action  by  the  American  Railway  Engineering  and  Mainle- 
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nance  of  Way  Association  can  result  in  only  one  thing ;  greater  ease,  more 
uniformity,  less  frequent  disputes  in  connection  with  the  inspection  of 
lumber,  and  a  greater  certainty  of  an  adequate  supply  being  promptly 
secured,  especially  in  busy  times. 

Gentlemen,  we  appreciate  the  time  which  you  have  given  us  to  present 
this  question,  and  we  are  sure  that  we  could  present  it  to  a  no  more  in- 
telligent body  of  men,  and  if  the  Committee  representing  the  Railway 
Storekeepers'  Association  can  be  of  any  assistance,  we  will  gladly  givr 
you  any  information  which  we  have.     Gentlemen,  I  thank  you.     (Applause.) 

The  President: — I  am  sure  that  I  voice  the  sentiments  of  the  conven- 
tion when  I  express  our  hearty  thanks  to  Mr.  Waterman  for  his  admi- 
rable paper. 

Mr.  W.  McC.  Bond  (Baltimore  &  Ohio  Southwestern)  : — Within  the 
last  six  or  nine  months  I  have  had  occasion  to  be  in  a  position  to  realize 
some  of  the  good  effects  that  would  result  from  a  standard  for  mainte- 
nance of  way  lumber.  The  Baltimore  &  Ohio  has  the  past  year  repaired  a 
good  many  miles  of  second  and  third-class  track,  and  they  have  needed  a 
good  deal  of  maintenance  of  way  lumber,  switch  timbers  and  bridge  lum- 
ber for  special  or  temporary  work.  I  personally  know  that  orders  were 
placed  for  lumber,  and  at  the  end  of  six  months  that  lumber  v.^as  not 
furnished,  and  the  railroad  company  had  to  ship  lumber  from  west  of  the 
Alleghanies  to  the  east  side  of  the  Alleghanies  to  get  the  work  done  at  the 
specified  time.  I  think  it  would  be  a  great  saving  in  many  ways  to  the 
railroads  to  have  a  standard  under  which  one  road  could  buy  the  same 
lumber  from  a  mill  that  the  other  would,  and  the  stock  would  be  the  same, 
that  each  road  would  want  to  use. 

(The  motion  carried.) 

The  President : — The  Committee  will  be  dismissed  with  the  thanks  of 
the  Association. 


REPORT  OF  COMMITTEE  IX.— ON  SIGNS,  FENCES 
AND  CROSSINGS. 

(Bulletin  130.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

The  following  subjects  were  assigned  to  your  Committee  for  the 
year  1910  by  the  Board  of  Direction : 

1.  Consider  revision  of  Manual;  if  no  changes  are  recommended, 
make  statement  accordingly. 

2.  Report  on  ways  and  means  for  securing  a  proper  quality  of  fence 
wire  to  resist  corrosion  and  secure  durability. 

3.  Continue  investigation  of  the  use  of  concrete  fence  posts,  and 
submit  recommendations. 

4.  Continue  investigation  as  to  the  best  form  of  track  construction 
and  flangevvays  in  street  crossings  and  paved  streets. 

No  meetings  of  the  Committee  were  held  during  the  year.  The 
demands  on  the  time  of  the  Chairman  were  so  heavy  that  he  found  it 
impossible  to  attend  any  meeting,  and  called  none.  The  work  has  been 
carried  on  by  correspondence. 

The  Committee  submits  the  following  report  on  the  several  subjects 
assigned  to  it : 

I.    REVISION  OF  MANUAL. 

No  changes  are  recommended,  further  than  those  submitted  in  the 
report  for  1909,  which  your  Committee  recommends  be  adopted  and 
included  in  the  Manual. 

2.    REPORT   ON  THE  WAYS   AND   MEANS   FOR  SECURING    A 

PROPER    QUALITY    OF    FENCE    WIRE    TO     RESIST 

CORROSION  AND  SECURE  DURABILITY. 

On  this  subject  the  Committee  has  been  energetic  in  pursuing  its 
investigations,  placing  itself  in  close  touch  with  progress,  scrutinizing 
and  testing  out  every  new  theory  advanced  pertaining  to  the  preservation 
of  wire,  and  proving  its  merits  or  demerits.  In  its  researches  and 
investigations,  it  has  had  the  assistance  of  the  most  practicable  and  most 
scientific  bodies  in  the  country  familiar  with  the  subject.  Thus  far,  how- 
ever, no  new  process  has  been  discovered  which  offers  any  advantage 
over  the   old,   and   it   is  the  opinion   of  the   Committee   that  the   applied 
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galvanized  coating,  by  special  treatment,  is  the  best  and  only  known 
economical  process  for  protecting  wire  used  in  railroad  fences  against 
corrosion. 

CONCLUSION. 

We  recommend  the  use  of  wire  which  has  received  a  special  gal- 
vanized coating  to  stand  a  test  of  four  one-minute  immersions  in  the 
standard  copper  sulphate  solution,  the  galvanizing  to  be  done  preferably 
after  weaving. 

3.     CONCRETE  FENCE  POSTS. 

The  tests,  observations  and  use  of  concrete  fence  posts  during  the 
current  year  indicate : 

(i)  That  concrete  fence  posts  are  practicable,  durable  and 
economical. 

(2)  The  eight-foot  post   is   recommended. 

(3)  Posts  of  cross-section  approaching  a  square  form  are  easiest 
made  and  most  suitable  for  fencing. 

(4)  Spacing,    same   as    recommended    for   wood   posts. 

(5)  Stone  or  gravel  used  in  mixing  concrete  for  fence  posts  should 
pass  a  half-inch  square  mesh.  Concrete  should  be  mixed  wet,  in  a  batch 
mixer,  and  poured  into  the  molds.  The  poured  posts  are  a  little  over 
25  per  cent,  stronger  than  tamped  posts  of  the  same  size,  mixture  and 
reinforcement;  they  are  also  better  able  to  withstand  the  action  of  frost 
and  alkali.  Experience  shows  that  extra  precaution  should  be  used  in 
the  selection  of  material,  mixing  of  concrete,  and  handling  and  curing 
the  posts.  For  the  best  results,  posts  should  be  allowed  to  remain  in 
the  yard  undisturbed  for  at  least  sixty  days  after  coming  from  the 
molds. 

(6)  Breakage  in  handling  and  transportation  should  not  exceed 
three-tenths  of  one  per  cent. 

CONCLUSION. 
Concrete  fence  posts  are  recommended  for  railroad  fences. 

4.     CONSTRUCTION  OF  FLANGEWAYS  IN  STREET  CROSSINGS 
AND  PAVED  STREETS. 

On  this  subject  the  Committee  can  only  report  progress.  The  Sub- 
committee having  it  in  hand  have  worked  hard  to  formulate  plans  and 
make  recommendations,  but  the  subject  is  of  so  much  importance,  the 
Committee  feel  that  more  time  should  be  given  for  their  investigation. 

Respectfully  submitted, 
W.   D.   Williams,   Chief   Engineer,    Cincinnati    Northern    Railroad,    Van 

Wert,  O.,  Chairman. 
K.  J.  C.  ZiNCK,  Assistant  Engineer,  Grand  Trunk  Pacific  Railway,  Winni- 
peg, Manitoba,   Vice-Chairman. 
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A.  M.  Funk,  Division  Engineer,  Baltimore  &  Ohio  Railroad,  New  Cas- 
tle, Pa. 
VV.    H.    HoYT,   Assistant   Chief    Engineer,    Duluth,    Missabe    &    Northern 

Railroad,  Duluth,  Minn. 
E.  R.  Lewis,  Division   Engineer,   Michigan   Central    Railroad,   Bay   City, 

Mich. 
Joseph  Mullen,   Engineer  Maintenance   of   Way,   Cleveland,    Cincinnati, 

Chicago  &  St.  Louis  Railway,  Mattoon,  111. 
W.  J.  Burton,  Division  Engineer,   Missouri   Pacific  Railway,    St.    Louis, 

Mo. 
C.  H.  Stein,  Engineer   Maintenance  of  Way,   Central   Railroad  of   New 

Jersey,  Jersey  City,  N.  J. 
E.  J.  Steinbeck,  Assistant  Engineer,  Illinois  Central  Railroad,  Chicago, 

111.  Committee. 


DISCUSSION. 

(In  the  absence  of  the  Chairman,  the  report  on  Signs,  Fences  and 
Crossings  was  presented  by  the  Vice-Chairman,  Mr.  K.  J.  C.  Zinck,  of  the 
Grand  Trunk  Pacific.) 

Mr.  K.  J.  C.  Zinck  :— But  little  progress  has  been  made  by  your  Com- 
mittee during  the  past  year.  Quite  a  number  of  things  have  to  be  taken 
up  more  thoroughly,  and  the  Committee  therefore  asks  that  the  Asso- 
ciation refer  this  report  back  to  them  for  further  work  during  the  com- 
ing year.     I  make  a  motion  to  that  effect. 

The  President : — You  have  heard  the  motion.  You  will  note  that 
the  Committee  has  made  certain  recommendations,  but  without  further 
consideration,  they  think  it  is  proper  to  refer  the  matter  back  to  the 
Committee  in  order  that  they  may  make  a  more  complete  report  next  year. 

(The  motion  carried.) 

The  President : — The  Committee  is  relieved,  with  the  thanks  of  the 
Association. 


REPORT  OF  SPECIAL  eOMMITTEE  ON  UNIFORM 
GENERAL  CONTRACT  FORMS. 

(Bulletin  133.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Special  Committee  on  Uniform  General  Contract  Forms  pre- 
sents progress  report  as  follows  : 

The  Committee  was  instructed  by  the  Board  of  Direction  to  take  up 
the  following  work  during  the  current  year : 

(i)  Review  and  revise  uniform  general  contract  forms  presented 
at  Tenth  Annual  Convention. 

(2)     Make  concise  recommendations  for  next  year's  work. 

General  meetings  of  the  Committee  were  held  as  follows : 

At  New  York  City,  January  20,  191 1,  attended  by  J.  C.  Irwin,  Chair- 
man; E.  F.  Ackerman,  W.  G.  Atwood,  E.  H.  Lee,  C.  A.  Wilson. 

At  Buffalo,  February  4  and  5,  1911,  attended  by  J.  C.  Irwin,  Chair- 
man ;  E.  F.  Ackerman,.  W.  G.  Atwood. 

The  Committee  has  thoroughly  considered  the  report  made  at  the 
Tenth  Annual  Convention  in  1909  and  published  in  Bulletin  108,  and  has 
made  a  study  of  the  principal  contracts  in  use.  The  plan  of  having  an 
agreement  form  of  two  pages  separate  from  the  general  contract  condi- 
tions and  as  referred  to  on  page  1176  of  the  Proceedings  of  the  Tenth 
Annual  Convention,  is  approved  by  this  Committee,  and  the  agreement 
form  presented  in  that  report  has  been  reconsidered  and  revised  and  is 
presented  herewith  with  recommendations  for  adoption. 

In  small  or  unimportant  contracts  this  agreement  form,  which  is  des- 
ignated as  Form  A,  may  be  used  alone,  but  in  larger  contracts  the  "Gen- 
eral Conditions"  statement  designated  as  Form  B  may  be  inserted,  using 
the  agreement  form  as  a  folder  with  the  introductory  page  at  the  begin- 
ning of  the  contract  and  the  signatures  at  the  end. 

Specifications  relating  to  the  particular  work  can  either  be  included 
in  the  folder  or  attached  to  the  back. 

The  Committee  has,  in  the  agreement,  made  the  "Contractor"  the 
party  of  the  fir.st  part,  and  the  "Company"  the  party  of  the  second  part 
and  has,  therefore,  in  preparing  the  "General  Conditions,"  placed  the 
provisions  relating  especially  to  the  duties  and  rights  of  the  "Contractor" 
first  and  those  relating  to  the  duties  and  rights  of  the  "Company"  last. 
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The  Committee  has  considered  and  presented  herewith,  for  discussion, 
twenty-eight  proposed  sections   as   follows : 

1.  Bond. 

2.  Contractor's   Understanding. 

3.  Intent  of  Plans  and   Specifications. 

4.  Permits. 

5.  Protection. 

6.  Rights    of   Various    Interests. 

7.  Consent  to   Transfer. 

8.  Superintendence. 

9.  Timely  Demand  for  Points  and  Instructions. 

10.  Report  Errors  and  Discrepancies. 

11.  Preservation   of   Stakes. 

12.  Inspection. 

13.  Defective  Work   or   Material. 

14.  Indemnity. 

15.  Settlement    for   Wages. 

16.  Liens. 

17.  Work  Adjacent  to  Railroad. 

18.  Risk. 

19.  Order  and  Discipline. 

20.  Contractors  Not  to  Hire  Company's  Employes. 

21.  Intoxicating  Liquors  Prohibited. 

22.  Cleaning  Up. 

23.  Engineer  and  Chief  Engineer  Defined. 

24.  Power  of  Engineer. 

25.  Adjustment  of  Dispute. 

26.  Order  of  Completion;  Use  of  Completed  Portions. 

27.  Changes. 

28.  Extra  work. 

And  has  outlined  for  future  meetings  the  formation  of  the  remain- 
ing sections,  which,  in  general,  will  cover  the  following  items : 
Property  and  Right  of  Entry. 
Temporary  Suspension  of  Work. 
Annulment. 

Measurement  and  Approval  of  Work. 
Estimates  and  Payments. 

CONCLUSIONS. 

The  Committee  especially  presents  for  approval : 

(i)  The  general  scheme  of  having  the  two-page  general  agreement, 
Form  A,  as  a  folder  within  which  the  other  portions  of  the  contract  can 
be  bound,  thus  permitting  a  concise  contract  form  or  a  large  contract  form, 
according  to  the  requirements  of  the  case. 

(2)     The  agreement — Form  A — as  presented  herewith. 
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The  Committee  presents  for  discussion  and  suggestions: 

(i)     The  scheme  of  arrangement  of  B— General  Conditions. 
(2)     The  composition  of  the  28  sections  above  enumerated. 
For   next   year's    work    it    is    recommended    that    preparation    of    a 
standard  contract  form  be  continued  on  the  lines  already  begun. 
Respectfully  submitted, 

J.  C.  Irwin,  Chief  Engineer,  Rutland  Railroad,  Rutland,  Vt.,  Chairman. 
W.  G.   Brim  SON,  Vice-President  and  General  Manager,   Quincy,  Omaha 
&  Kansas  City  Railway,  Kansas  City,  Mo.,  Vice-Chairman. 

E.  F.  AcKERMAN,  Assistant  Engineer,  Lehigh  Valley  Railroad,  New  York, 

N.  Y. 

F,  H.  Alfred,  General   Superintendent,   Cincinnati,   Hamilton  &  Dayton 

Railway,  Cincinnati,  Ohio. 

Wm.  Archer,  Assistant  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio 
Southwestern  Railroad,  Cincinnati,  Ohio. 

William  Ashton,  Chief  Engineer,  Oregon  Short  Line,  Salt  Lake  City, 
Utah. 

W.  G.  Atwood,  Chief  Engineer,  Lake  Erie  &  Western  Railroad,  Indian- 
apolis, Ind. 

W.  L.  Breckinridge,  Engineer  Maintenance  of  Way,  Chicago,  Burlington 
&  Quincy  Railroad,  Chicago,  111. 

E.  H.  Lee,  Chief  Engineer,  Chicago  &  Western  Indiana  Railway,   Chi- 
-     cage,  111. 

F.  W.  Smith,  Engineer  of  Construction,  Cleveland,  Cincinnati,  Chicago 

&  St.  Louis  Railway,  Cincinnati,  Ohio. 
W.  F.  Tye,  Civil  Engineer,  Toronto,  Can. 
C.  A.  Wilson,  Consulting  Engineer,  Cincinnati,  Ohio. 

Committee. 
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CONSTRUCTION  CONTRACT. 

A — ^AGREEMENT. 

This  Agreement,  made  this day  of   in 

the  year by   and  between . . 

party  of  the  first  part,  hereinafter  called  the  Contractor,  and 

I party   of   the 

second  part,  hereinafter  called  the  Company. 

WITNESSETH,  That,  in  consideration  of  the  covenants  and  agree- 
ments hereinafter  mentioned,  to  be  performed  by  the  parties  hereto 
and  of  the  payments  hereinafter  agreed  to  be  made,  it  is  mutually 
agreed  as  follows: 

The  Contractor  will  furnish  all  the  necessary  transportation,  mate- 
rials, superintendence,  labor  and  equipment  and  will  execute,  construct 
and  finish  in  an  expeditious,  substantial  and  workmanlike  manner  to 
the  satisfaction  and  acceptance  of  the  Chief  Engineer  of  the  Conipany. 


in  accordance  with  the  plans  hereto  attached  or  as  hereinafter  described 
and  the  following  general  conditions,  requirements  and  specifications, 
forming  part  of  this  agreement. 

The  work  covered  by  this  contract  shall  be  commenced  

and  be  completed  on  or  before  the 

day   of    191  ••>    
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And  in  consideration  of  the  completion  of  the  work  described 
herein,  and  the  fulfillment  of  all  the  stipulations  of  this  agreement  to 
the  satisfaction  and  acceptance  of  the  Chief  Engineer  of  the  Company, 
the""  said  Company,  its  successors  or  assigns  hereby  agree  to  well  and 
truly  pay,  or  cause  to  be  paid,  to  said  Contractor,  the  executors,  adminis- 
trators, successors  or  assigns  of  said  Contractor,  as  the  case  may  be,  the 
amount  due  the  Contractor,  based  on  the  following  prices 


In  Witness  Whereof,    The  parties  hereto  have  dulv  executed  this 
instrument  in  duplicate  the  day  and  year  first  above  written. 
Witness  : 
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CONSTRUCTION  CONTRACT. 

B.      GENERAL   CONDITIONS. 

Bond. 

1.  The  Contractor  agrees,  at  the  time  of  the  execution  and  delivery 
of  this  contract  and  before  the  taking  effect  of  the  same,  to  furnish  and 
deliver  to  the  Company  a  good  and  sufficient  bond  of  indemnity  to  the 

amount  of   dollars,  as  security  for  the 

faithful  performance,  by  the  Contractor,  of  all  the  covenants  and  agree- 
ments on  the  part  of  the  Contractor  contained  in  this  contract.  The  secur- 
ity in  such  bond  of  indemnity  must  be  satisfactory  and  acceptable  to  the 
Company. 

This  bond  shall  remain  in  force  and  effect  in  such  amount,  not  greater 
than  that  specified,  as  shall  be  determined  by  the  Chief  Engineer,   until 
the  final  completion  and  acceptance  of  the  work. 
Contractor's   Understanding. 

2.  It  is  understood  and  agreed  that  the  Contractor  has  satisfied  him- 
self by  careful  personal  examination  as  to  the  nature  and  location  of  the 
work,  the  form  of  the  surface  of  the  ground,  the  character,  quality  and 
quantity  of  the  materials  to  be  encountered,  the  character  of  the  plant, 
structures,  equipment  and  facilities  needed  preliminary  to  and  during  the 
prosecution  of  the  work,  the  general  and  local  conditions,  and  all  other 
m.atters  which  can  in  any  way  influence  this  contract,  and  no  information 
upon  any  such  matters  derived  from  the  maps,  plans,  profiles,  drawings 
or  from  any  source  whatever,  shall  in  any  way  affect  any  risk  or  obliga- 
tion, or  relieve  him  from  fulfilling  any  of  the  terms  of  this  agreement. 
No  verbal  agreements  or  conversations  with  any  officer,  agent  or  employe 
of  the  Company,  either  before  or  after  the  execution  of  this  contract, 
shall  affect  or  modify  any  of  the  terms  or  obligations  herein  contained. 
Intent  of  Plans  and   Specifications. 

3.  All  work  that  may  be  called  for  in  the  specifications  and  not 
shown  on  the  plans,  or  shown  on  the  plans  and  not  called  for  in  the  speci- 
fications, is  to  be  executed  and  furnished  by  the  Contractor  as  if  described 
in  both  these  ways;  and  should  any  work  or  material  be  required  which 
is  not  denoted  in  the  specifications  or  plans,  either  directly  or  indirectly, 
but  which  is  nevertheless  necessary  for  the  proper  carrying  out  of  the 
intentions  thereof,  the  Contractor  is  to  understand  the  same  to  be  implied 
and  required,  and  is  to  perform  all  such  work  and  furnish  any  such  mate- 
rial as  fully  as  if  they  were  particularly  delineated  or  described. 
Permits. 

4.  The  Contractor  shall,  at  his  own  cost  and  expense,  except  as 
specifically  provided  in  this  contract,  secure  the  necessary  permits  for 
the  work  included  in  this  contract  and  will  be  responsible  for  violations 
of  any  laws,  rules  or  regulations. 
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Protection. 

5.  Whenever  the  local  conditions,  laws  or  ordinances  require,  the 
Contractor  shall  furnish  and  maintain,  at  his  own  cost  and  expense,  neces- 
sary passageways,  guard  fences  and  lights  and  such  other  facilities  and 
means  of  protection  as  may  be  required. 

Rights   of   Various    Interests.  _ 

6.  Wherever  work  being  done  by  Company  forces  or  by  other  Con- 
tractors is  contiguous  to  work  covered  by  this  contract,  the  respective 
rights  of  the  various  interests  involved  shall  be  determined  by  the  Engi- 
neer, to  secure  the  completion  of  the  various  portions  of  the  work  in 
general  harmony. 

Consent  to  Transfer. 

7.  The  Contractor  agrees  not  to  let  or  transfer  this  contract  or  any 
part  thereof  (except  for  the  delivery  of  material)  without  consent  of  the 
Chief  Engineer,  given  in  writing.  Such  consent  does  net  release  or  relieve 
the  Contractor  from  any  or  all  of  his  obligations  and  liabilities  under 
this  contract. 

Superintendence. 

8.  The  Contractor  agrees  to  constantly  superintend  all  the  work  em- 
braced in  this  contract  in  person  or  by  a  duly  authorized  manager  accept- 
able to  the  company. 

Timely    Demand    for    Points   and    Instructions. 

9.  The  Contractor  shall  not  proceed  until  he  has  made  previously 
timely  demand  upon  the  Engineer  for,  and  received  from  him,  such  points 
and  instructions  as  may  be  necessary  as  the  work  progresses.  The  work 
shall  be  done  in  strict  conformity  with  such  points  and  instructions. 

Report    Errors   and    Discrepancies. 

10.  If  the  Contractor,  in  the  course  of  the  work,  finds  any  discrep- 
ancy between  the  plans  and  the  physical  conditions  of  the  locality,  or  any 
errors  in  plans  or  in  the  layout  as  given  by  said  points  and  instructions, 
it  shall  be  his  duty  to  immediately  inform  the  Engineer.  Any  work  done 
after  such  discovery,  until  verified,  will  be  done  at  the  Contractor's  risk. 

Preservation   of  Stakes. 

11.  The  Contractor  must  carefully  preserve  bench  marks,  reference 
points  and  stakes,  and  in  case  of  wilful  or  careless  destruction  he  will  be 
charged  with  the  resulting  expense  and  shall  be  responsible  for  any 
mistakes  that  may  be  caused  by  their  unnecessary  loss  or  disturbance. 

Inspection. 

12.  All  work  and  materials  shall  at  all  times  be  open  to  the  inspec- 
tion, acceptance  or  rejection  of  the  Engineer  or  his  duly  authorized  rep- 
resentative. The  Contractor  shall  at  all  times  provide  sufficient  safe  and 
proper  facilities  for  such  inspection. 
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Defective   Work   or   Material. 

13.  Any  omission  or  failure  on  the  part  of  the  Engineer  to  disap- 
prove or  reject  any  work  or  material  shall  not  be  construed  to  be  an 
acceptance  of  any  defective  work  or  material.  The  Contractor  shall 
remove,  at  his  own  expense,  any  work  or  material  condemned  by  the 
Engineer,  and  shall  rebuild  and  replace  any  work  or  material  so  con- 
demned without  extra  charge,  and  in  default  thereof  the  same  shall  be 
done  by  the  Compan}'  at  the  Contractor's  expense— or  in  case  the  Chief 
Engineer  should  not  consider  the  defect  of  sufficient  importance  to  require 
the  Contractor  to  rebuild  or  replace  any  imperfect  work  or  material,  he 
shall  have  power,  and  is  hereby  authorized,  to  make  any  deduction  from 
the  stipulated  price  that  he  may  see  proper. 

Indemnity. 

14.  The  Contractor  agrees  to  indemnify  and  save  harmless  the  Com- 
pany for  and  from  all  claims,  demands,  payments,  suits,  actions,  recov- 
eries and  judgments  of  every  nature  and  description  brought  or  recovered 
against  it,  for  or  on  account  of  any  injuries  or  damages  received  or  sus- 
tained by  any  party  or  parties  by  reason  of  any  act  or  omission  of  the 
said  Contractor,  his  agents  or  employes,  in  the  construction  of  said  work 
or  by  or  in  consequence  of  any  negligence  or  carelessness  in  guarding 
the  same. 

Settlement   for   Wages. 

15.  Whenever,  in  the  opinion  of  the  Chief  Engineer,  it  may  be  neces- 
sary or  conducive  to  the  progress  of  the  work  to  secure  to  any  of  the 
employes  of  the  Contractor  any  wages  which  may  then  be  due  them,  the 
Company  is  hereby  authorized  to  pay  such  laborers  the  amount  due  them 
or  any  lesser  amount,  and  the  amounts  so  paid  them,  as  shown  by  their 
receipts,  shall  be  deducted  from  any  moneys  that  may  be  or  be.come  pay- 
able to  said  Contractor. 

Liens. 

16.  If  at  any  time  anyone  employed  by  the  Contractor,  either  to  per- 
form work  as  a  sub-contractor  or  laborer  or  otherwise,  or  to  furnish  any 
materials,  shall  file  or  give  notice  of  any  mechanic's  or  other  liens  there- 
for, the  Company  is  hereby  authorized  to  pay  and  discharge  the  same 
if  it  shall  deem  best  so  to  do,  and  to  deduct  the  amount  so  paid  from  any 
moneys  which  may  be  or  become  due  and  payable  to  the  Contractor. 
Work   Adjacent  to   Railroad. 

17.  Whenever  the  work  embraced  in  this  contract  is  near  the  tracks, 
structures  or  buildings  of  this  Company  or  of  other  railroads,  the  Con- 
tractor shall  use  extraordinary  care  and  vigilance  to  avoid  injury  to  per- 
sons or  property.  The  work  must  be  so  conducted  as  not  to  interfere 
with  the  movement  of  trains  or  other  operations  of  the  railroad;  and  if 
in  any  case  such  interference  be  necessary,  the  Contractor  shall  not  pro- 
ceed until  he  has  first  obtained  specific  authority  and  directions  therefor 
from  the  proper  officer  of  the  Railroad  Company  and  has  the  approval 
of  the  Engineer. 
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Risk. 

i8.  The  work  in  every  respect  shall  be  at  the  risk  of  the  Contractor 
until  finished  and  accepted. 

Order  and    Discipline. 

19.  The  Contractor  shall  at_  all  times  enforce  strict  discipline  and 
good  order  among  his  employes,  and  any  employe  of  the  Contractor  who 
shall  appear  to  be  incompetent,  disorderly  or  intemperate,  or  in  any  other 
way  disqualified  for  or  unfaithful  to  the  work  entrusted  to  him,  shall  be 
discharged  immediately  on  the  request  of  the  Engineer,  and  he  shall  not 
again  be  employed  on  the  work  without  the  Engineer's  written  consent. 

Contractor    Not    to    Hire    Company's    Employes. 

20.  The  Contractor  shall  not  employ  or  hire  any  of  the  Company's 
employes. 

Intoxicating    Liquors    Prohibited. 

21.  The  Contractor  shall  not  permit  the  sale,  distribution  or  use  of 
any  intoxicating  liquors  upon  or  adjacent  to  the  work,  or  allow  any  such 
to  be  brought  upon,  to  or  near  the  line  of  the  railway  of  the  Company. 

Cleaning    Up. 

22.  The  Contractor  must,  before  the  work  is  finally  accepted,  at  his 
own  expense,  clear  away  from  the  Company's  property  and  from  all  pub- 
lic and  private  property  all  temporary  structures,  rubbish  and  waste  mate- 
rials resulting  from  his  operations. 

Engineer   and    Chief    Engineer    Defined. 

23.  Wherever  in  this  contract  the  word  Engineer  is  used,  it  shall  be 
understood  as  referring  to  the  Chief  Engineer  of  the  Company,  acting 
personally  or  through  an  assistant  duly  authorized  in  writing  for  such  act 
by  the  Chief  Engineer,  and  wherever  the  words  Chief  Engineer  are  used 
it  shall  be  understood  as  referring  to  the  Chief  Engineer  in  person,  and 
not  to  any  assistant  engineer. 

Power  of    Engineer. 

24.  The  Engineer  shall  have  full  power  to  reject  or  condemn  all 
work  or  material  which,  in  his  opinion,  does  not  conform  to  this  agreement; 
to  direct  the  application  of  forces  to  any  portion  of  the  work  which  in 
his  judgment  requires  it;  to  order  the  force  increased  or  diminished,  and 
to  decide  every  question  that  may  arise  between  the  parties  relative  to 
the  execution  of  the  work. 

Adjustment   of    Dispute. 

25.  All  questions,  differences  or  controversies  which  may  arise  be- 
tween the  Cotitractor  and  the  Company,  under  or  in  reference  to  this 
agreement,  or  its  performance  or  non-performance,  or  the  work  to  which 
it  relates  or  in  any  way  whatever  pertaining  to  or  connected  with  said 
work,  shall  be  subject  to  the  decision  of  the  Chief  Engineer,  and  his 
decision  shall  be  final  and  conclusive  to  both  parties. 
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Order  of  Completion;    Use  of  Completed   Portions. 

26.  The  Contractor  shall  complete  any  portion  or  portions  of  the 
work  in  such  order  of  time  as  the  Engineer  may  require.  The  Company 
shall  have  the  right  to  take  possession  of  and  use  any  completed  or  par- 
tially completed  portions  of  the  work,  notwithstanding  the  time  for  com- 
pleting the  entire  work  or  such  portions  may  not  have  expired ;  but  such 
taking  possession  and  use  shall  not  be  deemed  an  acceptance  of  the  work 
so  taken  or  used  or  any  part  thereof.  If  such  prior  use  increases  the  cost 
of  the  work,  the  Contractor  will  be  entitled  to  such  extra  compensation 
as  the  Chief  Engineer  may  determine. 

Changes.  . 

27.  The  Company  shall  have  the  right  to  make  any  changes  that  may 
be  hereafter  determined  upon,  in  the  nature  or  dimensions  of  the  work, 
either  before  or  after  its  commencement,  and  such  changes  shall  in  no 
way  affect  or  void  this  agreement,  but  the  difference  in  the  value  of  the 
work  shall  be  adjusted  by  the  Engineer.  If  such  changes  diminish  the 
quantity  or  extent  of  the  work  to  be  done,  they  shall  not,  under  any  cir- 
cumstances, be  construed  as  constituting,  and  shall  not  constitute,  a  claim 
for  damages  or  for  anticipated  profits  on  such  work. 

In  case  of  any  work  being  done  under  a  lump-sum  contract  price,  and 
the  quantity  of  work  actually  furnished  upon  completion  of  the  work 
should  vary  and  prove  more  or  less  than  the  quantities  shown  on  the 
original  plans  and  provided  for  by  the  specifications,  then  the  contract 
lump-sum  price  is  to  be  adjusted  in  the  final  payment  accordingly.  If 
the  contract  provides  a  schedule  of  unit  rates  for  variations  in  the  work, 
then  the  adjustment  is  to  be  made  on  the  basis  of  such  unit  rates,  either 
adding  or  deducting  the  corresponding  amounts  according  to  whether 
the  quantity  of  each  class  of  work  was  increased  or  decreased  over  the 
amounts  originally  covered  by  the  lump-sum  bid ;  if  the  contract  does  not 
contain  such  a  schedule  of  unit  rates,  then  the  value  of  all  such  additions 
or  omissions  is  to  be  established  by  the  Engineer,  and  the  adjustment 
made  accordingly. 

Extra  Work. 

28.  No  bill  or  claim  for  extra  work  or  material  shall  be  allowed  or 
paid  unless  the  doing  of  such  extra  work  or  the  furnishing  of  such  extra 
material  shall  have  been  authorized  in  writing  by  the  Engineer,  and  the 
price  to  be  paid  fixed  by  the  Chief  Engineer  in  writing  before  any  part 
of  such  work  was  done  or  material  furnished. 

The  Chief  Engineer,  in  fixing  the  price  for  the  doing  of  work  or  the 
furnishing  of  material  not  provided  for  in  this  agreement,  may  either  fix 
a  unit  price  or  a  lump-sum  price  or  may,  if  he  so  elects,  provide  that  the 
price  shall  be   determined   by   the   actual   cost,   to   which   shall   be   added 

per  cent  to  cover  general  expense  and  superintendence,  profits, 

contingencies,  use  of  tools.  Contractor's  risk  and  liability.  If  the  Con- 
tractor shall  perform  any  work  or  furnish  any  malerial  which  is  not 
provided  for  in  this  agreement,  or  which  was  not  authorized  in  writing 
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by  the  Engineer  previous  to  the  doing  of  the  work  or  the  furnishing  of 
material,  said  Contractor  shall  receive  no  compensation  for  such  work 
or  material  so  furnished,  and  does  hereby  release  and  discharge  the  Com- 
pany from  any  payment  therefor. 

If  the  Contractor  shall  proceed  with  such  extra  work  or  the  furnish- 
ing of  such  extra  materials  after  receiving  the  written  authority  therefor, 
as  hereinbefore  provided,  then  such  work  or  material,  stated  in  the  writ- 
ten authority  of  the  Engineer  shall  be  covered,  governed  and  controlled 
by  all  the  terms  and  provisions  of  this  agreement,  subject  to  such  prices 
as  may  be  agreed  upon  or  determined  by  the  Chief  Engineer. 

If  the  Contractor  shall  decline  or  fail  to  perform  such  work  or  fur- 
nish such  extra  material  as  a-ithorized  by  the  Engineer  in  writing,  as 
aforesaid,  the  Company  may  then  arrange  for  the  performance  of  the 
work  in  any  manner  it  may  see  fit,  the  same  as  if  this  agreement  had  not 
been  executed,  and  the  Contractor  shall  not  interfere  with  such  perform- 
ance of  the  work. 

(The  report  on  Uniform  General  Contract  Forms  was  received  as  in- 
formation.) 


REPORT  OF  COMMITTEE  XIX.— ON  CONSERVATION 
OF  NATURAL  RESOURCES. 

(Bulletin  133.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

The  following  report  of  the  Committee  on  Conservation  of  Natural 
Resources  is  submitted  as  a  report  of  progress. 

Three  meetings  of  the  Committee  were  held  during  the  year,  two  at 
the  Congress  Hotel,  Chicago,  on  March  i6  and  17,  and  one  in  the  office 
of  the  Chairman  on  March  18.  At  these  meetings  an  outline  of  work 
for  the  coming  year  was  agreed  upon. 

On  March  17  the  Board  of  Direction  notified  the  Chairman  of  the 
Committee  that  it  would  be  constituted  one  of  the  Standing  Committees, 
under  the  title  of  "Committee  on  Conservation  of  Natural  Resources." 

Under  date  of  July  i,  1910,  the  Chairman  received  from  Mr.  B.  N. 
Baker,  President,  National  Conservation  Congress,  notice  of  meeting  of 
the  sicond  National  Congress,  to  be  held  in  St.  Paul,  September  6  to  9. 
inclusive,  in  which  this  Committee  was  invited  to  make  a  report  to  be 
read  before  the  National  Conservation  Congress. 

A  delegation,  consisting  of  five  members  of  the  Committee,  was  ap- 
pointed by  President  Fritch  to  represent  the  Association  at  the  convention. 
In  pursuance  of  the  request  from  President  Baker,  the  following 
report  was  transmitted  to  Mr.  Thos.  R.  Shipp,  Executive  Secretary  of 
the  National  Conservation  Congress,  on  September  3,  iQio,  by  the  Chair- 
man : 

"In  October,  1908,  the  National  Conservation  Commission  mvited 
the  American  Railway  Engineering  and  Maintenance  of  Way  Association, 
in  connection  with  other  technical  bodies  of  this  country,  to  be  repre- 
sented at  the  conference  held  in  Washington  and  to  assist  the  National 
Conservation  Commission  with  suggestions  concerning  advisable  lines  of 
inquiry,  nature  of  report  to  be  made,  and  possibilities  of  accomplishment 
on  the  part  of  the  Commission. 

"Acting  upon  this  invitation,  the  Board  of  Direction  of  the  Associa- 
tion appointed  a  Special  Committee  to  co-operate  with  the  Commission^ 
This  Committee  consisted  of  eight  members  of  the  Association,  selected 
from  widely-separated  sections  of  the  country.  The  Association,  through 
this  Committee,  was  represented  at  the  Joint  Conservation  Congress  held 
in  Washington,  beginning  December  8.  1908,  and  the  Committee  li=^s  been 
keeping  in  touch  with  the  conservation  movement  through  Mr.  GifTord 
Pinchot  and  the  Secretary,  Mr.  Thos.  R.  Shipp.     Several  meetings  of  the 
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Committee  have  been  held,  and  in  March,  1909,  the  Committee  was 
addressed  by  Dr.  Jos.  A.  Holmes. 

"In  March,  1909,  the  Committee,  through  its  Chairman,  requested 
Mr.  Pinchot  to  furnish,  through  co-operation  with  the  Forestry  Depart- 
ment, suggestions  as  to  the  best  methods  to  be  pursued  by  the  railroad 
companies  for  the  prevention  and  control  of  forest  fires,  with  statistics 
of  the  loss  from  such  cause,  and  urged  upon  the  Commission  the  im- 
portance of  endeavoring  to  effect  reduction  in  the  tariff  on  cross-ties  and 
lumber  rates,  in  order  to  make  it  possible  for  the  railroad  companies  to 
nnport  ties  and  save  thereby  the  home  supply. 

"The  co-operation  of  the  Committee  was  offered  with  the  Forest 
Products  Laboratory  at  the  University  of  Wisconsin  or  with  any  of  the 
national  or  state  organizations. 

"On  May  13,  1909,  an  elaborate  report  was  transmitted  to  the  Com- 
mittee by  the  National  Conservation  Commission,  through  its  Secretary', 
Mr.  Shipp,  containing  valuable  suggestions  as  to  the  possibilities  of  rail- 
road companies  assisting  the  work  of  conservation  by  thorough  methods 
of  prevention  and  control  of  forest  fires,  and  the  cultivation  of  timber 
for  railroad  purposes,  the  use  of  sawed  instead  of  hewed  ties,  the  use 
of  treated  timber,  and  the  necessities  for  the  extension  of  the  supply  of 
creosote,  and  other  features  relating  to  timber  resources.  This  report 
was  transmitted  by  the  Committee  to  the  American  Railway  Engineering 
and  Maintenance  of  Way  Association,  published  by  the  Association,  and 
distributed  throughout  the  country  in  one  of  its  bulletins. 

"Dealing  directly,  as  it  does,  with  those  features  of  conservation  that 
affect  the  railroad  companies  and  their  patrons,  and  having  a  circulation 
among  railroad  officers  covering  the  United  States,  as  well  as  large  por- 
tions of  Canada  and  Mexico,  the  results  should  be  exceedingly  beneficial 
to  the  cause  of  conservation. 

"In  March  of  this  year  the  American  Railway  Engineering  and  Main- 
tenance of  Way  Association,  recognizing  the  growing  importance  of  the 
conservation  movement,  established  the  Special  Committee  as  one  of  the 
Standing  Committees  of  the  Association,  at  the  same  time  largely  increas- 
ing the  personnel,  and  bringing  into  membership  a  number  of  prominent 
railroad  officers  of  this  country  and  Canada. 

"The  work  of  the  Committee  has  been  divided  into  Sub-Committees 
for  the  purpose  of  specialization,  with  an  outline  for  investigation  as 
follows : 

(i)     Tree  planting  and  general  reforestation. 

(2)  Coal  and  fuel  oil  resources. 

(3)  Iron  and  steel  resources. 

A  sub-division  of  the  work,  as  per  statement  following,  was  recom- 
mended : 

(i)     Tree  Planting  and  General  Reforestation. 

(a)     Extent  of  existing  forests   considered  in  connection  with  in- 
crease of  growth  and  consumption. 
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(b)  Judicious   selection  of  tree  varieties  for  planting,  the  locality 

and  soil  conditions  considered.     Possibility  of  value  from 
growth  on  cut-over  land. 

(c)  Methods  of  planting  and  cultivation,  with  cost  of  same,  con- 

sidering possibilities  from  cut-over  lands. 

(d)  Anticipated  results  at  maturity  from  trees  so  produced. 

(e)  Methods  and  cost  of  caring  for  and  protecting  existing  forests. 

(2)'     Coal  and  Fuel  Oil  Resources. 

(a)  Extent    of    existing    supplies,    considered    in    connection    with 

consumption. 

(b)  Extent  of  waste  in  production. 

(c)  Economic  consumption,  giving  consideration  to  practical  use  of 

by-products. 

(3)     Iron  and  Steel  Resources. 

(a)  Supplies  of  raw  material,  considered  in  connection  with  con- 

sumption. 

(b)  Waste  in  production. 

(c)  Best  methods  of  protecting  finished  products  from  destructive 

influences. 

"The  Committee  will  continue  on  the  lines  of  investigation  as  shown, 
and  holds  itself  in  readiness  to  co-operate  with  the  National  Conservation 
Commission  and  its  kindred  and  subsidiary  organizations,  as  well  as  other 
national  societies,  for  the  furtherance  of  the  great  principles  of  conserva- 
tion of  the  national  resources." 

The  very  serious  forest  fires  that  occurred  in  the  fall  of  1910  were 
the  subject  of  thorough  discussion  at  a  meeting  of  the  Lake  States  Forest 
Fire  Conference,  held  in  St.  Paul  under  the  auspices  of  the  Minnesota 
State  Forestry  Board  and  Minnesota  Forestry  Association,  Tuesday  and 
Wednesday,  December  6  and  7.  This  was  a  representative  meeting,  there 
being  about  100  delegates  in  attendance,  including  lumber  interests,  mem- 
bers of  various  forestry  associations  and  railroad  officials,  twelve  rail- 
roads being  represented.  While  this  Committee  was  not  invited  to  attend 
this  meeting,  the  Chairman  v.  as  invited  to  do  so  as  a  railroad  official,  but, 
being  unable  to  attend,  sen',  a  representative;  and  on  account  of  the  inter- 
est of  the  railroads  of  '.nis  section  in  the  subject  under  discussion,  and 
its  importance  in  connection  with  the  conservation  of  natural  resources, 
the  following  resolutions,  which  were  formally  adopted  at  that  confer- 
ence, are  given : 

"Resolved,  That  we  recommend  to  the  legislatures  of  our  states : 
"(i)  That  the  forest  fire  protection  of  each  state  and  such  other 
branches  of  state  work  as  may  be  deemed  best  to  combine  with  it,  be 
placed  u'T/der  the  control  of  a  non-partisan  commission,  empowered,  as 
fully  ay  possible  under  the  constitutions  of  the  different  states,  to  carry 
on  the  work,  and  under  civil  service  rules.     Such  .commission  should  rep- 
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resent  all  the  interests  involved,  as  far  as  possible,  and  we  recommend 
that  such  commission  place  the  work  in  charge  of  a  chief  forester,  who 
should  be  a  professional  graduate  forester,  and  that  the  commission  em- 
ploy such  trained  foresters  and  other  assistants  as  may  be  necessary ; 
define  their  duties  and  fix  their  salaries ;  said  employes  to  be  engaged 
under  civil  service  regulations  as  the  commission  may  prescribe. 

"(2)  Resolved,  That  it  is  the  sense  of  this  conference  that  the 
present  Forest  Fire  Warden  Service  of  Michigan,  Wisconsin  and  Minne- 
sota is  totally  inadequate  to  meet  the  existing  fire  hazard  to  both  life 
and  property,  and  that  forest  protection  service,  to  become  efficient,  must 
be  greatly  extended.  To  this  end  we  recommend  an  adequate  Forest 
Patrol  System,  maintained  by  the  state,  organized  and  operated  by  the 
Commission  referred  to. 

"(3)  We  further  recommend,  That  the  Commission  be  authorized 
to  co-operate  with  the  National  Government,  the  several  adjoining  states 
and  such  associations  and  organizations  as  the  Commission  may  find  neces- 
sary to  best  protect  the  timber  resources  of  the  state. 

"(4)  Resolved,  That  this  conference  is  opposed  to  a  general  slash- 
burning  law,  as  experience  has  proven  it  unsatisfactory,  impracticable  and 
dangerous.  We  recommend,  however,  that  the  Commission  should  be 
given  authority  to  order  the  disposal  of  dangerous  slashings  sufficient  to 
establish  a  safe  fire  line  around  standing  timber  or  other  valuable  property. 

"(5)  Resolved,  That  this  conference  advocates  legislation  providing 
strict  regulation  of  the  burning  of  brush  and  debris  in  clearing  land  dur- 
ing the  dry  season,  such  burning  to  be  under  the  direction  of  state  fire 
patrolmen,  under  such  regulations  as  the  Commission  may  prescribe. 

"(6)  We  further  recommend.  That  the  burning  of  all  debris  on  the 
rights  of  way  of  the  various  railroads  be  under  the  control  and  direction 
of  the  State  Poorest  Patrol.  Further,  That  under  special  conditions 
directed  by  the  State  Forest  Patrol,  the  railway  companies  maintain  a 
patrol,  properly  equipped,  following  their  trains;  also  that  all  railroad 
and  logging  locomotives  and  traction  engines  must  be  equipped  with  the 
most  practical  spark-arresting  devices  (subject  to  inspection  and  approval 
of  the  Commission). 

"(7)  Whereas,  The  building  of  fire  lines  around  exposed  property, 
including  settlements,  villages  and  towns,  has  proven  a  most  eflfective 
means  for  the  control  and  extinguishment  of  fires,  we  recommend  that 
one  of  the  principal  duties  of  the  patrolmen  working  under  the  direction 
of  the  Commission  should  be  to  establish  such  fire  lines  where  necessary 
for  protection  of  property. 

"(8)  We  recommend,  as  the  most  effective  measures  for  preventing 
and  fighting  serious  fires,  adequate  means  of  transportation  and  com- 
munication, to  include  trails,  telephone  lines  and  lookout  stations,  and 
that  the  efforts  of  the  Commission  should  be  exerted  toward  the  construc- 
tion and  establishment  of  the  same  as  rapidly  as  consistent. 

"(9)  The  appalling  sacrifice  of  life  and  the  continued  great  loss  of 
state  and  private  property,  resulting  from  fires  in  our  forested  area,  are  a 
disgrace  to  our  civilization  and  a  most  serious  drain   upon  our  natural 
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resources,  and  we  believe  that  the  expenditure  of  such  amount  as  may  be 
necessary  to  prevent  these  losses  is  fully  justified. 

"We  therefore  recommend,  That  the  appropriations  by  the  state  leg- 
islatures to  maintain  forest  protection  should  be  sufficient  to  provide  for  a 
forest  patrolman  for  each  forty  thousand  acres  requiring  protection,  as 
well  as  for  the  expenses  necessary  to  successfully  carry  out  all  of  the 
measures  suggested  by  these  resolutions. 

"(lo)  We  recommend,  in  addition  to  the  patrol  system,  an  auxiliary 
county  fire-fighting  force  to  be  appointed  by  and  under  the  direction  of 
the  Commission,  to  be  paid  by  the  state  and  charged  back  to  the  coun- 
ties, such  expense  to  be  ultimately  borne  by  the  counties  or  towns  in 
which  the  fires  occur. 

"Further  be  it,  resolved.  That  as  it  is  shown  by  statistics  that  there 
are  a  large  number  of  fires  set  each  season  through  the  carelessness  of 
the  general  public,  including  campers,  fishermen,  hunters  and  others, 
we  recommend  that  a  campaign  of  education  be  energetically  carried  on 
through  every  possible  channel  to  the  end  that  this  hazard  be  reduced 
through  a  better  understanding  of  forest  conditions  by  all  the  people. 

"Resolved,  further,  That  the  sincere  thanks  of  all  the  delegates  and 
attendants  here  be  extended  to  the  officials  of  the  state  of  Minnesota  and 
and  the  city  of  St.  Paul,  who  have  contributed  so  largely  to  the  success 
of  this  conference,  to  the  Manufacturers'  and  Jobbers'  Association  of  St. 
Paul  for  the  courtesies  shown,  to  the  management  of  the  St.  Paul  Hotel 
for  the  facilities  so  freely  extended,  and  to  the  press  for  its  treatment  of 
the  proceedings  of  the  Lake  States  Forest  Fire  Conference." 

Request  has  been  made  that  the  members  of  the  Committee  on  Con- 
servation be  supplied  with  report  of  the  proceedings  of  this  meeting, 
which  is  to  be  printed  and  gotten  out  by  the  National  Lumbermen's  Asso- 
ciation. 

On  account  of  the  wide  variance  in  location  of  members  of  the  Com- 
mittee, it  has  not  been  practicable  to  hold  subsequent  meetings  of  the 
Committee  since  the  ones  above  mentioned,  but  the  Committee  will  con- 
tinue to  keep  in  as  close  touch  as  possible  with  the  subject  of  Conserva- 
tion of  Natural  Resources,  and  to  co-operate  with  the  National  Conserva 
tion  Commission,  and  its  kindred  and  subsidiary  organizations,  as  well  as 
other  national  societies,  in  the  furtherance  of  this  work. 

Respectfully  submitted, 
A.  S.  Baldwin,  Chief  Engineer,  Illinois  Central  Railroad,  Chicago,  Chair- 
man. 

E.  O.  Faulkner,  Manager,  Tie  and  Timber  Department,  Atchison,  To- 

peka  &  Santa  Fe  System,  Los  Angeles,  Cal.,  Vice-Chainnan. 

Moses  Burpee,  Chief  Engineer,  Bangor  &  Aroostook  Railroad,  Houlton, 
Me. 

W.  A.  BosTwicK,  Metallurgical  Engineer,  Carnegie  Steel  Company.  Pitts- 
burg, Pa. 

F.  F.  BusTEED,  General   Superintendent,  Canadian   Pacific  Railway,  Van- 

couver, B.  C. 
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E.  B.  CuSHiNG,  Engineer  of  Construction,   Sunset  Central  Lines,   Hous- 
ton, Tex. 
W.  F.  H.  FiNKE,  Tie  and  Timber  Agent,  Southern  Railway,  Washington, 

D.  C 
J.  W.  Kendrick,  Vice-President,  Atchison,  Topeka  &  Santa  Fe   System, 

Chicago. 
A.   L.   KuEHN,   General   Superintendent,   American   Creosoting    Company, 

Chicago. 
G.  A.  Mountain^  Chief  Engineer,  Canadian  Railway  Commission,  Ottav/a, 

Can. 
William   McNab,   Principal   Assistant  Engineer,   Grand   Trunk  Railway, 

Montreal,  Can. 
C.    L.    Ransom,   Resident   Engineer,    Chicago   &   Northwestern    Railway, 

Omaha,  Neb. 

Conttnittee. 

(The  report  was  received  as  a  progress  report.) 
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Von  Schrenk,  Dr.  Hermann,  discussion  on  Lumber  Grading  Rules,  607,  608. 

W 

Waterman,  J.  H.,  discussion  on  Lumber  Grading  Rules,  608-612. 
Water  Service  Estimate  Forms,  416,  421. 

Water  Service,  report  on,  323-3S6.  , 

Conclusions,  355. 
Description  of  "One-Pipe  Circulation  Track  Pans  of  the  Lake  Shore 

&  Michigan  Sontiiern  Railway,  373-377. 
Development  of  Design  of  Track  Pan.  361-372. 
Discussion,  387-410. 
General    Specifications    for    Ordinary    Iron    or    Steel    Water   and    Oil 

Tanks,  348-350. 
Large    Capacity    Pumping    Phmt    for    Kcginn    of    Limited    l-'Iow    in 
Water  Stratum,  378-386. 


644  INDEX. 

Water  Service — Continued. 

Specifications  for  Iron  or  Steel  Water  Tank,  352-355. 

Specifications  for  Wooden  Water  Tank,  341-346. 

Suggested    Specification    for    a    Reinforced    Concrete    Water    Tank, 
334-341. 

Water  Stations  for  Track  Pans,  356-361. 
Waterways  for  Culverts,  490-504. 
Waterways,  size,  482-488. 
Webb,  Walter  Loring,  discussion: 

On  Iron  and  Steel  Structures,  331. 

On  Water  Service,  391. 
Wendt,  Edwin  R,  discussion  on  Water  Service,  407. 
Wentworth  Waterway  Formula,  492. 

White  Pine,  classification,  grading  and  dressing  rules  for,  565-577. 
Wood  Preservation,  report  on,  425-476. 

Conclusions,  429. 

Discussion,  477-479. 

Electrical  Conductivity  of  Treated  Ties,  429,  470-476. 

Grouping,  428. 

Specifications  for  New  Processes,  428. 

Specifications  for  Piles  and  Timbers  to  be  Treated,  428. 

Standard  Specifications   for  Creosote   Oil,  430-434. 

Statistics,  428,  446-456. 

Strength  of  Ties  Treated  with  Crude  Oil,  428,  429,  467-469. 

Track  Scales   for  Weighing  Ties,  428,  459-466. 

Wood  Preserving  Plants  in  the  United  States,  457,  458. 
Wooden    Water   Tank,    specifications    for,    341-346. 

z 

Zinck,  K.  J.  C,  discussion  on  Signs,  Fences  and  Crossings,  616. 
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